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Ian Carmichael and Gordon L. Hug' 

Radiation Chemistry Data Center, Radiation Laboratory, University of Notre Dame, Notre Dame, IN 46556, U.S.A. 

We present a compilation of spectral parameters associated with triplet-triplet 
absorption of organic molecules in condensed media. The wavelengths of maximum 
absorbance and the corresponding extinction coefficients, where known, have been 
critically evaluated. Other data, for example, lifetimes, energies and energy transfer 
rates, relevant to the triplet states of these molecules are included by way of com
ments but have not been subjected to a similar scrutiny. Work in the gas phase has 
been omitted~ as have theoretical studies. We provide an introduction to triplet state 
processes in solution and solids. developing the conceptual background and offering 
an historical perspective on the detection and measurement of triplet state absorp
tion. Techniques employed to populate the triplet state are reviewed and the various 
approaches to the estimation of the extinction coefficient of triplet-triplet absorption 
are critically discussed. A statistical analysis of the available data is presented and 
recommendations for.a hierarchical choice of extinction coefficients are made. Data 
collection is expected to be complete through the end of 1984. Compound name, 
molecular formula and author indexes are appended. 

Key words: condensed phase; data compilation; extinction coefficients; glass, organic; lifetimes; 
photophysicaJ processes; review; solution; triplet states; triplet-triplet absorption. 
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1. Introduction 

In 1971, as part of the classic volumes on organic mo
lecular photophysics edited by the late J .B. Birks, 
Labhart and Heinzelmann contributed a review l which 
contained an extensive compilation of spectral data rele
vant to the absorption of light by the excited triplet state 
of organic molecules in condensed phases. The energies 
of absorption maxima in both fluid solution and in various 
glasses and solids were recorded together with the corre
sponding extinction coefficients where known. This com
pilation was neither limited to a specific class of com
pounds nor to a particular experimental method as had 
been the case with previous reviews2

,3. Data on the polar
ization properties of triplet-triplet absorption transitions 
in rigid matrices were also listed, and a bibliography of 
theoretical calculations on and assignments of triplet 
spectra was given. A short discussion of all techniques 
then currently in use for both transient excitation and 
extinction coefficient determination was provided and 
the importance of correct identification of the absorbing 
species was highlighted. 

Some years later Bensasson and Land produced a 
review4 on the physical properties of excited states which 
also contained a compilation of extinction coefficients of 
triplet-triplet absorption maxima for a range of organic 
molecules, some of biological importance, in solution. 
This review was limited to those measurements made by 
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the comparative energy transfer technique introduced by 
LandS and subsequently developed together with several 
coworkers. Some previous data obtained under similar 
experimental conditions, but by different. approaches, 
were also listed by way of comparison. These reviews 
have served to illustrate the ubiquitousness and im
portance of the triplet state in a wide variety of photo
chemical and photophysical phenomena, under condi
tions ranging from steady illumination to pulse radiolysis. 

With the availability of commercial laser flash photoly
sis equipment and nanosecond pulse radiolysis facilities 
and the subsequent explosion of time-resolved studies 
monitored by light absorption, the need for routine identi
fication of transients has become crucial. One of the main 
transients observed in organic· nonaqueous solution in 
such experiments is the triplet state. Whether this state is 
itself under investigation, or whether the purpose of study 
is to eliminate or implicate the triplet state as a precursor 
for a longer-lived species such as a free radical, a com
pilation of spectral characteristics of triplet-triplet ab
sorption is of great value. 

The quantification of such photophysical processes as 
intersystem crossing requires the knowledge of the triplet 
state concentration. One method to obtain this informa
tion relies on the existence of a dependable estimate of the 
extinction coefficient for triplet-triplet absorption6

• This 
then can lead to the determination of the quantum yield 
for triplet formation and, subsequently, if the appropriate 
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lifetime data, ideally measured under closely similar ex
perimental conditions, is available, to the calculation of 
the rate of intersystem crossing. However, while the qual
itative shapes of the transient absorption spectra are rela
tively routinely measured, though often unsatisfactorily 
reported7

, the determination of reliable extinction coeffi
cients is both more ditllcult and tedious. Clearly an eval
uation of the existing extinction data is in order. 

For these reasons we have undertaken the compilation 
and critical evaluation of information relative to the 
triplet-triplet absorption spectra of organic molecules in 
condensed phases. In the course of laying the foundations 
of this work we have published three bibliographies8

-
to 

citing the relevant works in the literature up through the 
end of 1984. These lists were produced with the assistance 
of our local bibliographic data basel I , and it is our in
tention to provide regular updates to this series whenever 
the number of appropriate references accumulated is 
sufficient. From these bibliographic lists we have culled 
the data presented in the main body of this work, the table 
of the wavelengths of maximum absorbance (Amax) and 
extinction coefficients (Emax), where determined. Atten
tion has been paid to the critical evaluation of these data 
as discussed below. In the comments associated with each 
entry in the table are found numerous other relevant data 
such as triplet state lifetimes, energies and energy transfer 
rate constants. No effort has been expended on this data 
to provide a comparable evaluation of these numbers 
which must thus be regarded as simply the authors' re
ported values. The subject of this work is then triplet
triplet absorption spectra of organic molecules in con
densed media, i.e. solution, glass, liquid and solid. Gas 
phase studies are not included. For completeness, and to 
enhance the usefulness of the present document we have 
also scanned the literature for the period rather thor
oughly covered in the work of Labhart and Heinzelmann. 
However we have addressed neither the compilation nor 
the evaluation of theoretical calculations on the triplet
triplet absorption process and provide no update to that 
section of their review. 

We begin with a conceptual introduction to the photo
physical processes involved in triplet-triplet absorption, 
followed by an historical perspective on the discovery 
and characterization of the triplet state. In Sec. 2. we 
provide a discussion of the methods commonly used for 
populating the excited triplet state focusing on the differ
ences between photolysis and radiolysis and the problems 
and advantages inherent in each technique. The various 
methods which have been used for the estimation of the 
extinction coefficient of triplet-triplet absorption are crit
ically analyzed in Sec. 3. Seven principal approaches are 
outlined, numerous required corrections and precautions 
are pointed out, possible extensions are illustrated and 
each technique is evaluated in the light of its advantages 
or disadvantages. Several less used methods are cata
logued in Sec. 3.8. A discussion of the data evaluation 
procedure follows in Sec. 4. The arrangement of the prin
cipal data table, Table 6, is presented in Sec. S. and lists of 
abb.reviatioms. and symbols u:st:u iUt: givt:l1. 

Since this compilation derives from part of a series of 
computer accessible numerical data bases under construc
tion at the Radiation Chemistry Data Center, we are able 
to include, in an automatic fashion, a number of indexes 
which we hope will enhance the usefulness of this work. 
We have provided a compound name index, a molecular 
formula index and an author index. 

1.1. Conceptual Background 

Triplet states can be generated in several ways. We 
will discuss the direct intramolecular photoproduction of 
triplet states in the process of introducing the general 
photophysical scheme, saving until later photo
sensitization and pulse radiolysis techniques, where the 
triplet energy is transferred intermolecularly from the 
triplet manifold of another solute or the solvent, re
spectively. When an organic molecule, M, is excited, it is 
most likely to go to an excited singlet state, 

1.1 

where kex is the intensity dependent excitation rate. The 
excited singlet state, I M*, will then decay via several inde
pendent processes, again both intermolecular and intra
molecular. Intramolecularly it can undergo photo
chemistry, with rate constant kpc, intersystem crossing, 
klsc, internal conversion, k1c, or fluorescence, kr• 

These decay channels are represented by the following 
four processes: 

1.2 1M" -+ products, kpc 

1.3 1M" -+ 3M" + heat, kisc 

1.4 1M· -+ 1M + heat, kic 

1.5 IM* -+ 1M + hVr. kc 

In the usual kinetic scheme these processes are indepen
dent, and the singlet state decays exponentially with a rate 
constant, 

(1.1) 

which is equal to the inverse of the measured fluo
rescence lifetime. Triplet states are thus generated di
rectly by the intersystem crossing process, 1.3. The quan
tum yield, <PT for production of the triplet state in this 
scheme is simply given by 

(1.2) 

Schematically, these elementary processes may be sum
marized in the energy level diag.ram displayed in Pig. 1. 

Depending on the frequency of the incident radiation, 
the initial state achieved in the absorption event, 1.1 , may 
lie in the vibrational manifold associated with the first 
electronically excited state (SI) or that of a higher singlet 
(Sn). Rapid radiationless deactivation (vibrational relax
ation and internal conversion) soon (rate constant 
to" -tOH IS_I) 1t:C1ds tu PUPUIC1lioll uf SI (Ka5ha'5 Rule12

), 
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__ T~ 

FIG. 1. Rate processes connf'dine deetronic. energy levels. 

though in exceptional cases radiative emission from S2 has 
been observed13

• These processes are of course in com
petition with intersystem crossing and photochemistry 
from the higher excited singlet states, but because of the 
high rates of internal conversion, this competition is gen
erally ineffective. 

Figure 1 also provides an illustration of the decay chan
nels available to the triplet state (again within the above 
simplified model). Triplet states once formed can un
dergo similar processes to those of the singlet state. The 
intramolecular processes are again photochemistry, with 
rate constant k~, (reverse) intersystem crossing, ki'sc, and 
phosphorescence, kp• 

1.6 
1.7 
1.8 

3M" ~ products, 
3M" ~ 1M + heat, 
3M" ~ 1M + hvp. 

The intramolecular decay is usually observed to be ex
ponential with a decay rate constant of 

(1.3) 

Phosphorescence is almost always absent in fluid media 
because of collision-induced intersystem crossing. 

Energy transfer from the singlet manifold, process 1.3, 
is, of cou.rse, spin-furbidden, but the presence of several 
small interactions, both intramolecular and inter
molecular, serve to make the process weakly allowed. 
Such radiationless transitions may lead to an excited vi
brational level of the lowest triplet state (T I) or that of a 
higher electronic origin (Tn). Rapid radiationless deacti
vation (vibrational relaxation and internal conversion) 
within the triplet manifold soon (rate constant ,..., 1011 S -I) 
leads to population of the lowest electronic state, Tit 
though in exceptional cases triplet-triplet fluorescence 
has been observed 14. Again these processes compete with 
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(reverse) intersystem crossing and photochemistry and 
again this competition is generally ineffective. In addi
tion, once thermal equilibration has occurred, a further 
deactivation channel is open, provided the necessary 
thermal energy is available. 

1.9 3M" + heat ~ 1M·. ki:c 

This process leads to a type of delayed fluorescence. 
In the presence of radiation of a suitable frequency, the 

relaxed triplet excited state, 3M", can again absorb pho
tons popUlating higher triplet states with characteristic 
probabilities, 

1.10 

This process, then, is triplet-triplet absorption, 
Tn+--- T 1 in terms of the symbols used above, the subject 
of the present compilation. 

1.2. Historical Perspective 

The discovery of the nature of the "phosphorescent 
state" of photoexcited organic molecules as the triplet 
and its detection in absorption have led to the devel
opment of triplet-triplet absorption spectroscopy as an 
important tool in quantitative photochemistry and in the 
study of photophysical and, more recently, radiation 
chemical processes in general. But it was really with the 
study of phosphorescence that the history of triplet states 
of organic molecules began. The origin of phos
phorescence was a research puzzle until Lewis and Kasha 
ascribed the phosphorescing state to an excited state with 
a total electronic spin of 1, namely a triplet excited state lS

• 

Throughout the early history of the phenomena impli
cating the triplet state (up to and including the Lewis and 
Kasha work and indeed for many years thereafter) phos
phorescence spectra and decay characteristics remained 
the primary method of studying these transient states. 
However even before the nature of the phosphorescing 
state was assigned to the triplet state, Lewis and co
workers had recorded that state in absorption 16. Such 
early work employed high intensity continuous light 
sources and was limited by the lifetime of the metastable 
state to viscous media. 

By maintaining a boric acid glass at low temperature 
and monitoring the bleaching of the ground state absorb
ance, Lewis et a!. were able to estimate the extinction 
coefficient of the phosphorescing state of fluorescein rel
ative to that of the ground state. This was the first use, in 
the study of the triplet state, of the method we designate 
singlet depletion, employed here in specially favourable 
circumstances since distinct spectral regions of transient 
and ground state absorption could be found. Some years 
after the clarification of the states participant in triplet
triplet absorption, again using a photostationary tech
nique, McClure17 recorded transient spectra of a number 
of aromatic molecules in EPA glass at liquid nitrogen 
temperature. To deduce the extinction coefficients of the 
observed transitions he introduced the new method of 
intensity variation. 
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A big breakthrough in the absorption studies of triplet 
states came when Porter and Windsor18 applied the then 
recently developed technique of flash photolysis 19,20. The 
introduction of this excitation source allowed the facile 
detection of triplet-triplet absorption in fluid media, thus 
extending considerably not only the range of materials 
and solvents open to investigation but also the time scale 
available for observation. Studies of triplet states in fluid 
solution on the microsecond time range, which is gener
ally inaccessible to phosphorescence monitoring, now be
came possible. Porter and Windsor21 were able to obtain 
an absorption spectrum for anthracene in liquid hexane 
and used the singlet depletion criterion to estimate ex
tinction coefficients far in excess of McClure's values. 
(Improvements in the intensity variation technique later 
confirmed that the original measurements by this method 
were indeed in error.) 

The introduction of the technique of electron pulse 
radiolysis22

•
25 and .its use to produce triplet states of or

ganic molecules by Dainton et al. 26 provided access to a 
wider range of compounds by removing the limitation 
formerly imposed by low quantum yields of intersystem 
crossing. It was, however, four years before LandS was 
able to report extinction coefficients using this excitation 
source, through the development of an estimation method 
involving" triplet energy transfer. (See Sec. 3.1. for de
tails). 

Finally the late 1960's brought the introduction of 
pulsed laser techniques27 to the study of triplet states. 
Further developments in this equipment, namely the ap
plication of Q-switching, together with advances in the 
associated hardware for photoelectric detection even
tually brought flash photolysis to the nanosecond time 
scale28

• Shorter lived transients such as the carbonyl 
triplets29 in fluid solution could now be studied. Pico
second pulse photolysis techniques 30, made possible 
through the phenomenon of mode-locking, have also 
been used to study triplets31 ,32 on the picosecond time
scale. The much wider availability of commercial nano
second laser flash photolysis equipment, together with 
the inherent lower cost of associated detection apparatus, 
make the nanosecond work much more extensive and the 
derived data more reliable. 

Based on the number of entries corresponding to each 
of the four principal excitation techniques, Table 1 sum
marizes their introduction and development over five 
year spans. However we expect that the numbers in the 
80-84 row will be underestimated due to unavoidable 
time1ags in our collection plocedul"e. (Abbl"eviations an:: 
explained in appended list). 

Roughly parallel to the development of new and faster 
techniques for the population of the triplet state has been 
the growth of the associated methods for estimating the 
extinction coefficient of the transient population. Singlet 
depletion and intensity variation initially deployed in 
photostationary experiments, as mentioned above, have 
been extended as needed to accommodate the use of 
pulsed sources. The kinetic method has been used with 
modulated excitation sources, while relative actinometry 

and energy transfer techniques were also popularized 
with the introduction of flash photolysis and pulse radiol
ysis. Several other comparative techniques based on elec
tron and hydrogen atom transfer have also been devel
oped and exploited mainly with the help of laser facilities. 
Sec. 3. presents a critical discussion of these methods, and 
here we trace the growth in the application of these meth
ods to the study of the triplet state in Table 2 below. This 
table lists the number of entries in the data base per 5-year 
period for several popular methods. (Again an expla
nation of the symbols used can be found in the lists appen
ded to Sec. 5.) 

TABLE 1. Excitation methods per 5-year period 

Period LP FP PR PS Total" 

so 54 0 19 0 32 51 

55-59 0 75 0 9 84 
60-64 0 88 4 11 104 
65-69 23 166 63 193 452 
70-74 121 222 &0 45 569 
75-79 443 218 75 26 795 
80-84 768 174 67 32 1046 

Total 1355 962 289 350 3103 

"Horizontal totals reflect the presence of entries assigned to methods 
other than those specifically indicated in the vertical columns. 

TABLE 2. Extinction methods per 5-year period 

Period ET SD TD RA KM IV Total" 

50-54 0 0 0 0 3 6 
55-59 0 17 0 0 0 0 17 
60-64 0 11 0 0 0 0 11 
65-69 28 54 11 3 12 22 173 
70-74 73 45 19 8 31 0 185 
75-79 93 49 37 28 7 1 255 
80-84 96 75 68 28 13 1 320 

Total 290 225 135 67 63 27 972 

"Horizontal totals again reflect the presence of entries assigned to meth-
ods other than those specifically indicated in the vertical columns. 

2. Methods for Populating and Detecting 
the Triplet State 

There are two basic methods for achieving substantial 
triplet state popUlations: photolysis with light in the vis
ible or, more commonly, ultraviolet spectral regions and 
radiolysis with ioniL.ing radiation, usually high energy 
electrons. In fluid solution, where the triplet state lifetime 
is on the order of microseconds, both techniques are gen
erally applied in a pulsed form. In low temperature 
glasses, where triplets can endure for up to about 30 sec
onds, steady irradiation can be usefully employed. 

Experimental setups for the detection of triplet-triplet 
absorption spectra differ greatly, but there are at least two 
elements common to almost all of these experiments. First 
of all every experiment has an "exciting" source to pro
duce triplet state species. Second, each experiment has a 
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"monitoring" light source to probe their absorbance. In 
laser photolysis setups the laser often provides both mon
itoring and exciting light when used with suitable fre
quency mUltiplication and light path adjustment. Addi
tionally, if a complete spectrum is desired, the laser pulse 
can be used to generate a continuum as a monitoring 
source. 

Details of the detection equipment will not be given. 
We mention only the following historical development. 
In the earliest flash photolysis systems the transient spec
trum was photographed, and the changes in optical 
density laboriously converted from densitometer 
measurements of the exposure intensity. With the growth 
of efforts to discern the mechanism of the various rate 
processes involved, kinetic spectroscopy using photo
multipliers became popular. Here the decay of the tran
sient is monitored at a particular wavelength. When this 
pattern has been recorded at several observational wave
lengths, the entire spectrum may be judiciously recon
structed. More recently the introduction of vidicon, and 
later reticon, detectors has offered a way to fulfil both of 
the above functions simultaneously. 

We discuss the two primary excitation sources, starting 
with pulse radiolysis, focusing on the special features of 
each method, and mention some problems encountered in 
the respective detection process. 

2.1. Generation of Triplets by Pulse Radiolysis 

In the technique of pulse radiolysis the sample is irra
diated by short bursts of ionizing radiation. Most com
monly, pulses of high energy (1-20 MeV) electrons ex
tracted from a linear accelerator or Van de Graaff 
generator are employed. Initially, the usable pulse width 
was of the order of a few microseconds, but steady im
provement in equipment' design soon made the nano
second regime attainable. 

2.1.1. Theoretical Concepts 

The deposition of energy from these injected electrons 
does not discriminate among the chemical components of 
the systems irradiated. Thus in a dilute solution, which is 
almost always employed in the study of triplet-triplet ab
sorption, the radiation is absorbed almost exclusively by 
the solvent, S, which is consequently ionized, 

2.1 

to give solvent radical cations and electrons. The sub
sequent mechanism of solute excitation depends to a large 
extent on the properties of the solvent. 

In polar solvents, such as water and the lower alcohols, 
the ionized electron is rapidly thermalized and readily 
solvated. Thus on the nanosecond time scale the reactive 
species are the various oxidizing and reducing radicals 
and radical ions formed from the solvent. These inter
mediates are also stabilized by solvation. Correspond
ingly, solute radical ions (and other redox or radical addi
tion products) are predominantly produced by pulse 
l"adioly:si:s in polar :solvt:nt:s. 
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If the solvent lacks the driving force for electron and 
(radical) ion solvation, by virtue ofits nonpolar character, 
then radical recombination will promptly occur. In room 
temperature hexane, for example, the electrons are 
largely (90%) captured by their parent cations, the par
ticles being unable to escape from their mutual 
Coulombic attraction. While this geminate recombination 
is complete within a few nanoseconds, those electrons 
which do escape recombine homogeneously over a much 
longer microsecond timescale. With the addition of an 
electron (or hole) acceptor, A, these processes can be 
intercepted to produce solute radical ions. 

2.2 

2.3 

e- + A ~ 2A-, 

2S+ + A .~ 2A + + S. 

These species then recombine to give both singlet and 
triplet solute excited states. 

2.4 2 A + + 2 A - ~ 3 A· CA·) + A. 

In general the solvent radical cation can also participate 
in this neutralization process, 

2.5 

Further triplets may then be formed by intersystem cross
ing from the singlet manifold. 

A further complication ensues in the above scheme if 
the solvent itself possesses long-lived excited states, for 
example benzene (but note that the triplet state lifetime in 
neat benzene is strongly dependent on the purity of the 
liquid33

). Electron attachment 

2.6 

is followed by solvent radical ion recombination to give 
so/vent excited states. 

2.7 

Energy transfer may then occur from the excited states of the 
solvent molecules to those of the solute in a spin-selective 
fashion. 

2.8 

2.9 

IS· + A ~ S + lA·, 

3S· + A ~ S + 3 A·. 

Again intersystem crossing may augment the solute trip
let yield. 

The above simplified picture has been debated in the 
literature for several years. Clearly each individual sol
vent must be carefully examined to determine the extent 
to which a given process contributes to the overall triplet 
yield. Within these limitations the scheme presented 
serves as an extremely useful guideline. 

2.1.2. Special Considerations for Pulse Radlolysls 

The absorption intensity of a transient created by such 
pulses of electrons depends both on the dose per pulse and 
the G value (100 eV yield) for that transient in addition to 
its intrinsic extinction coefficient at the monitoring wave
length. For a typical triplet with G = 2 say, to obtain 
an uptical density of 0.1 at a wavelength where the ex-
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tinction coefficient is on the order of 104 L mol-I cm- I 

over a path length of 1 cm, requires a dose per pulse in 
excess of2.5 Gy (1 Gy==1 gray = 1 J kg-I). 

Van de Graaff generators with pulse widths on the 
order of a few nanoseconds can produce bursts of 3 Me V 
electrons to give a maximum dose of about 20 Gy. Care 
must be taken in quantitative work to ensure a sufficiently 
low· dark charge to beam charge ratio when operating 
under conditions of high dose per pulse or high pulse 
repetition rate. 

Single-pulse generators such as the Febetron eliminate 
the dark current problem completely and can deliver 
doses· of up to 5000 Gy in a 25 ns pulse of 2 Me V elec
trons. Problems arise from the lack of penetration depth 
of such electrons. If they are stopped within the sample 
severe space charge· distortions of the dose distribution 
result34

• In addition spurious optical effects on the micro
second time scale have been observed35 in typical experi
mental geometries, presumably due to pressure waves 
generated by the radiation source. 

The im;reIIlt:ut.al acct:1t:ralioll of electrou by repeated 

traversal of microwave fields in a linear accelerator has 
p~oved to be t~e most versatile source of ionizing radi
ation for transient spectroscopy. Coupled with powerful 
computerized signal averaging techniques to reduce 
noise, the characteristics of reproducible ,..., 5 ns pulses of 
,...., 20 Me V electrons delivering a dose per pulse of ,..., 100 
Gy has made this the method of choice for irradiation of 
fluid samples. Certain problems specific to optical de
t~ctio~ of intermediates" created by nanosecond pulse ra
dlolysls have been summarized by Hunt et a1.36

• More 
recently, modern technology has enabled the resolution 
of the fine-structure components of linear accelerator 
pulses, pushing the domain of excitation by this method 
into the picosecond time range. This is much in analogy 
t? t~e development of mode-locked lasers, though quan
titative work on this timescale still remains problematic 
due to instabilities in the integrated yield arising from 
pulse to pulse jitter in both the electron beam and the 
analyzing light. 

Electron linear accelerators produce their own source 
of l1Ilalyzing light. Broad biWd (ultraviolt:t Lo infrared) 
Cerenkov radiation, emitted by electrons traveling above 
the speed of light pertinent to the solvent under study can 
be used ~or t?e detection of transients. A stroboscopic 
pulse radlOlyslS system capable of picosecond time resolu
tion which implements this light as a probe has been 
reported 37. 

The principal advantage of the technique of pulse radi
ol.ysis then lies in the possibility of populating the excited 
trtpl~t state o.f molecules which have intrinsically low 
effiCiency for mtersystem crossing. Note however that to 
study speci.es with short excited state lifetimes, substantial 
conc~ntratlons (,....,0.1 mol L~I) of solute are required. For 
the Simple reason of solubility this problem can set a 
limitation on the usefulness of the technique. 

Extensive reviews of the development of this field and 
the instrumentation required have been provided by 
Dorfman38 .and Hune9

• 

2.2. Generation of Triplets by PhotolYSis 

The sources of light employed to excite molecules to 
the triplet state are quite varied. Intense steady-state 
~ources have been a popular excitation source for samples 
m glasses; long triplet state lifetimes allow large steady
state concentrations of triplets to build up. Conventional 
flash lamps have provided most of the triplet-triplet ab
sorption spectra recorded up to the middle 1970's. Their 
short, but intense, pulses make them ideal for studying 
spectra and kinetics on the ,...S time scale, which is in the 
range of the lifetimes of many triplets in fluid solution. In 
order to study shorter lived triplets such as those of aro
matics ketones, it is most convenient to use Q-switched 
I 29 t . h . asers 0 get mto t e nanosecond time range. Recently 
mod~-locked lasers have been used to study triplets (in
cludmg rise times) in the picosecond time range40

• Non
pulsed lasers (continuous wave lasers) have -also been 

used in much the same fashion as conventional steady
state light sources. 

2.2.1. Theoretical Concepta 

Triplet states are generated in two ways by photons. In 
the fust method, exemplified in Sec. 1.1. of the above 
introduction, the compound under :study, irradiated 
within its ground state absorption band, absorbs the pho
ton as in process 1.1 , going fust to a singlet excited state. 
!he excited molecule then undergoes intersystem cross
mg, process 1.3, to reach the triplet state. 

Should the efficiency of this process be low, another 
technique is available41

• In this method another molecule 
~ 1 with a suit~ble intense ground state absorption and 
~lgh quantum Yield for subsequent triplet state formation 
~s added to the. solution (usually in excess). This species 
mtercepts the hght energy and transfers it via the inter
mediary of a triplet state to the triplet state of the com
pound under study, M2 during collisions. 

2.10 3M~ + 1M2 ~ IMI + 3M~. 

At least in dilute solution, excited singlet states are usually 
t?O short lived to participate in an analogous singlet
smglet energy transfer, though several examples have 
b~en documented42

• This photosensitization technique 
wt11 generally be successful provided the triplet energy of 
the sensitizer (donor) is at least 8-12 kJ mol-I greater 
t~an that of the acceptor41

,4.t. Given a suitable energy 
dl~feren~e as a driving force, it· is usually assumed that 
trtplet-tnplet energy transfer proceeds with unit effi
ciency. However this assumption is often erroneous and 
detailed kinetic analysis is then required to produce valid 
estimates of the triplet state concentration of acceptor 
molecules formed and its temporal evolution. Such cor
rections are discussed in Sec. 3.1.2. If the acceptor itself 
absorbs the incident radiation further adjustments must be 
made to the estimated extinction coefficients. 

2.2.2. Special Considerations for Photolysis 

Steady-state light sources have often been used with a 
modulator. In some cases the modulation of the light 
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source has been used to enhance the signal/noise ratio of 
the signal45

, enabling the study of very low triplet concen
trations. This is particularly effective when combined 
with a phase-sensitive detection system46

• In other cases a 
modulated light source has been used in connection with 
the kinetic method to measure extinction coefficients47

,48. 

Modulated moderate intensity light sources are also use
ful if the sample under study is susceptible to photo
decomposition by more intense pulse techniques49

• 

The advent of laser flash photolysis with relatively mo
nochromatic pulses greatly enhanced the accuracy to which 
the total energy absorbed by a species in solution could be 
measured. Previously, conventional flash techniques with 
intense but polychromatic sources, had made this estimation 
difficult. This feature enabled, in principle, substantial im
provements in the results derived from both the pulsed inten
sity variation and relative actinometry methods discussed 

. below (Sees. 3.8.3. and 3.4. respectively). 
The monitoring light sources that measure the spec

trum of the transients have not been nearly as varied in 
type as have been the exciting sources. They are usually 
a fairly weak source, for instance of the arc-lamp type. 
Sometimes the sources have been pulsed to increase their 
intensity or modulated as part of phase.sensitive detection 
systems46

• 

A more salient feature of analyzing beams is their spa
tial arrangement with reference to the path of the exciting 
light. Both in-line (front-face) and crossed beam (right
angle) geometries are popular. This· arrangement of the 
exciting and monitoring beams can be of crucial im
portance when using photons to generate the· triplet 
states. The concentration of triplets is central to the deter
mination of extinction coefficients, but this concentration 
varies along the exciting beam according to Beer's Law. 
When right-angle monitoring is used, the particular re
gion sampled, along the exciting beam, is one in which the 
concentration is uniform along the direction of the mon
itoring beam. Thus kinetics (especially second-order ki
netics) can be measured accurately, but spectra are more 
difficult to obtain since the region sampled will not in 
general be near the front face of the cell where the con
centration of transients is greatest. 

In-line monitoring of the triplets has the disadvantage 
that the observation is along a gradient in the concen
tration. Unless the concentration of the triplets is kept 
low, for example with the optical density of triplet ab
sorption < 0.05,50 the kinetics can be severely distorted 
when looking at second-order reactions51

• In-line mon
itoring, however, has an advantage in that it is possible to 
easily access the region of high concentration of triplets 
near the surface of the cell on which the exciting light is 
incident. On the other hand the usual way of calculating 
concentration from the optical density, in regions where 
the ground state does not absorb, 

(2.1) 

will not be meaningful because of the variation in [3M·] 
with the distance across the cell along the exciting light 
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beam. An early work by ROSS
52 provided an estimate of 

the effect of such nonuniform triplet concentrations on 
the absorption spectrum recorded during steady-state ex
periments in glasses. In that study it was concluded that 
while the general features of the spectrum should be pre
served, band to band distortion was not ruled out. Further 
corrections are discussed in Sec. 3. 

There are indeed several other possible sources of spec
tral distortion. If there is substantial singlet depletion, i.e. 
removal of ground state molecules in the path of ex
citation, the resulting difference spectra can offer only a 
limited guide to triplet-triplet absorption maxima in the 
vicinity of regions of negative 6,OD. On the other hand, 
this effect can be very useful because it can often give a 
quantitative indication of the amount of ground state pop
ulation that has been converted into triplets. This is the 
basis for the method of measuring extinction coefficients 
of triplet-triplet transitions discussed in Sec. 3.2. How
ever due to possible distortions, while we retain differ
ence spectra that are clearly removed from the singlet 
depletion region in this compilation, we do not report 
maxima of spectra near the singlet depletion region of 
uncorrected spectra. 

Light scattering of the monitoring beam can cause dis
tortions in the form of the spectral shape and can also shift 
the position of the spectra in some cases. The intensity of 
scattered light varies as 1/,,-4 and so becomes a problem in 
the ultraviolet. In addition conventional monitoring 
sources usually have very low output in the ultraviolet, 
and thus they are su~ceptible to light scattering from the 
more intense visible regions. The effect on the spectra can 
be seen by the following example. The experimental opti
cal density is given by 

6.0Dexp = 10glo{ (10 + Is) I (I + ~) }, (2.2) 

where 10 is the incident light which is measured before the 
pulse, Is is the intensity of the visible scattered light that 
is measured along with 101 I is the true intensity of the 
transmitted light through the solution containing the tran
sient, and Fs is the excess scattered light from the visible 
that is measured along with I. AODexp is the experi
mentally measured optical density which is just the equal 
to the logarithm (to the base ten) of the total intensity 
measured before the pulse divided by the intensity at 
some specific time during the decay of the transient. The 
true optical density is given by 

6.0Dtrue = 10glO( loll). 

6,ODtrue can be written in terms of aODexp as 

AOD true = -IOglO{ (1 + 1/10) exp( -2.3AODexp) 

(2.3) 

- (I~/Io)}. (2.4) 

If we consider an example in which scattered light con
stitutes 50% of the incident and also the transmitted 
beams, then (I~I 10) = 1 = (1/10)' If we also assume 
AODe~p 0.01, then AOD,ruc: ~ 0.02. For a second exam
ple take the same numbers except for (I~/Io) = 0.996. This 
would mean that not as much light is being scattered from 
the visible while the transient is present. AODtrue ,..... 0.018 
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in this case. These examples illustrate the general behav
ior of excess scattered light on the true spectrum. This 
effect is often seen on the "blue" side of absorption peaks 
in the ultraviolet, namely the "blue" side of the un
corrected spectra is suppressed. 

Distortions of the spectra can also arise from improper 
overlap of the analyzing and exciting beams. Proper over
lap means tlIat the analyzing beam should go only 
through the region of the cell that is excited and that the 
cell should be excited across the total width of the cell in 
right angle apparatus. In a right-angle setup, if the cell is 
not excited over the whole width, then the optical path is 
not the same as the path through the excited region of the 
ceUS3

• This does not lead to a distortion, but it leads to an 
incorrect concentration of the transient. The distortion of 
the spectra due to incorrect overlap comes when the 
analyzing beam samples regions of the cell that contain no 
excited .molecules. In effect this extra light is scattered 
light, and the equations that Bazin and Ebbesens3 derive 
for the relationship between the true optical density and 
the experimental optical density are very similar to Eq. 
(2.4) above for scattered light. Such distortions can lead 
to large errors in measuring extinction coefficients. 

Novel sources of nonuniform concentration of tran
sients are hot spots generated· in a sample photolyzed by 
a pulse of laser light (T. W. Ebbesen and M. Bazin, un
published data). The equations derived by Ebbesen and 
Bazin in this extension are similar to those reported in 
their earlier works3 and indicate the possibility of large 
effects because lasers can cause very severe non
uniformities in transient concentration. 

Extensive reviews of the development of pulsed photo
lytic techniques and the instrumentation involved have 
been provided by Porter and WestS4 and WestSs

• 

2.3. Miscellaneous Methods 

While there exist other methods for the formation of 
the triplet states of organic molecules, for example 
enzymolysisS6 and thermolysisS7

, we know of no reports 
concerning the estimation of the extinction coefficients of 
triplet-triplet absorption in these ways and of none in 
which new spectra, otherwise unobserved, have been 
recorded. . . 

3. Methods for Measuring Extinction 
Coefficients 

We discuss seven principal techniques· currently in use 
for the determination of the extinction coefficient for 
triplet-triplet absorption. Special problems, extensions of 
the basic method, and advantages and disadvantages of 
each approach are documented. Several features (e.g. re
quired corrections) are common to more than one tech
nique. To avoid repetition these items are detailed only on 
their first occurrence. The various methods are presented 
approximately in order of number of entries in our data
base, energy transfer being the most frequently adopted 
approach. Miscellaneous methods are collected in Sec. 
3.8. 

3.1. Energy Transfer (ET) Method 

3.1.1. Description of Method 

The energy transfer method is currently one of the 
most widespread methods of measuring extinction coeffi
cients. It was originally used for measuring extinction 
coefficients of triplet states generated by pulse radiolysisS 

and later extended to include population by pulsed laser 
photolysiss8

• Energy transfer methods have beencrit
icized because of uncertainties in the probability of trans
fer. However over the past few years this method for 
measuring triplet state extinction coefficients has been 
improved and can now yield reliable results when used 
carefully. 

The basic idea of the method is quite simple4
• Two 

compounds are placed in a cell. One compound, R, has a 
triplet state whose extinction coefficient is well-known. 
The other compound, T, is the compound whose ex
tinction coefficient is to be determined. In the ideal ex
periment, one of the triplet states. (either R's or T's) is 
initially populated, and the other triplet state is not popu
lated. The compound with the initially populated triplet is 
chosen so that it can act as the triplet donor of the pair of 
triplet states. It does not matter whether R or T acts as the 
triplet donor. After the donor triplet is populated it can 
then transfer its energy to the acceptor triplet. This is 
done by collisional quenching involving the exchange 
interactions9

• In the ideal experiment where the triplet 
lifetimes of the isolated molecules are infinite on the time 
scale of the quenching experiment, every donor triplet 
molecule produces exactly one acceptor triplet molecule. 
The "one donor triplet yielding one acceptor triplet mol
ecule" is the heart of the method because it allows one to 
get. a handle on the persistent problem of measuring ex
tinction coefficients of transients, namely determining the 
concentration of the transient. So in the ideal experiment 
the initi8.J. concentration of the donor triplet is equal to the 
final concentration of the accepter triplet and so. 

E~ = E~ (aODT / aODR ). (3.1) 

In this equation E~ is the unknown extinction coefficient, 
and c::~ is the reference extinction coefficient and the su
perscript "*,, refers to the excited state. The meaning of 
the aOD's depends on whether T or R is functioning as 
the donor. The aOD of the compound serving as the 
donor is set equal to the aOD extrapolated back to time 
zero, and the aOD of the compound serving as the ac
ceptor is set equal to the aOD at infinite time. 

3.1.2. KinetiC Corrections 

Corrections need to be made for several things when 
the conditions are not as described above. One problem 
occurs because the probability for transfer from donor, 
D, to acceptor, A, is not always unity. In addition to 
popUlating the acceptor triplet, the donor triplet can de
cay by other paths. In well degassed solutions, the most 
likely path is by unimolecular, radiationless decay to the 
ground state. The kinetic scheme is often modelled by the 
following reactions: 
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Scheme I 

3.1 kD 

3.2 

3.3 

Ignoring the last process, the probability of transfer, Ptn is 

(3.2) 

The concentration of the acceptor is reduced by this fac
tor. So an equation analogous to Eq. (3.1) can be written 
with 

E~ E~ ( ~ODA I aOOD ) I Plr• (3.3) 

In order to make this correction one has to know kD and 
ketPA]. The unimolecular decay rate constant of the do
nor, kD' is just the rate constant of the decay of the donor 
triplet measured in the absence of the acceptor, but with 
all other conditions similar to those in the actual energy 
transfer experiment. If the acceptor is then added to the 
cell, the combination kD + ket[1A] can then be measured 
as an effective first-order decay rate constant of the donor 
triplet. This effective first-order rate constant is the sum 
of the donor's unimolecular decay rate constant and the 
pseudo first-order, energy transfer rate constant, ketPA]. 
With the measurement of kD + ketPA] and kD' Ptr can be 
calculated using Eq. (3.2). 

Two precautions are often taken when applying this 
kinetic correction factor. First, care is taken to eliminate 
second-order decay of the donor triplets. These processes 
could complicate the kinetic scheme. Second, ko + 
ketPA] is often measured by checking both the decay rate 
constant of the donor absorption and also the inverse rise 
time of the acceptor triplet. If the kinetic scheme is as 
simple as the model assumed above, these two rate con
stants should be the same. If they are not, complicating 
factors have probably entered the analysis. 

The rise time of the acceptor is often obscured by the 
decay of the acceptor. For instance, the rise and decay 
kinetics of the acceptor in Scheme I is given by 

PA·] = W X {exp(-kAt) - exp(-ket[IA]t-kDt)}, (3.4) 

where 

W = [3D*]o ket['A] I (ko + ket[IA] - kA), (3.5) 

and where [3D·Jo is the initial triplet concentration of the 
donor. If kA is not small compared to the argument of the 
second exponential in Eq. (3.4), then the growth of A will 
be complicated by the first term in Eq. (3.4). 

When kA is not small compared to ketPA] + kD' a 
modification to Eq. (3.3) is often used60• The maximum of 
the decay curve represented by Eq. (3.4) is the one unique 
feature of the curve. The time at which this point is 
reached is found by differentiating Eq. (3.4) and setting 
the derivative to zero. This time is given by 

In{kA/(ketPA] + kD)} 

kA - keteA] - ko . 
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(3.6) 

This time, {max, and the measured aODA(tmax) can be used 
to find the aOD A needed for Eq. (3.3) in the following 
manner. First one can calculate [3 A *] at tmax for the Eqs. 
(3.4,3.5). Second one can calculate P A·] as t ~ 00 under 
the Eqs. (3.4,3.5) for kA = 0, that is no decay of 3 A *. 
Taking the ratio of these two results gives a simple cor
rection factor, and the final result is 

aODA = aODA(tmax) X exp(kAtmax). (3.7) 

This is the aOD A that is to be used in Eq. (3.3) to obtain 
the sought for E~. In order to do the kinetic correction in 
Eq. (3.7), an extra rate constant, kA' must be obtained in 
addition to the rate constants needed to calculate Ptr' If 
[3A*] cannot be directly populated, then kA must be ob
tained from a fit to the two-exponential decay given by 
Eq. (3.4). 

3.1.3. Uncertainty in Probability of Transfer 

Even after the two kinetic corrections are made, there 
still remains an uncertainty in the energy transfer method. 
This uncertainty involves the probability of transfer. 
With the two kinetic corrections already discussed, ac
count can be taken of the unimolecular decay of both the 
donor, Eq. (3.3), and the acceptor, Eqs. (3.3,3.7). Nothing 
can be done in this scheme if the acceptor deactivates the 
donor without the acceptor itself being excited. 

3.4 

Eq. (3.2) would have to be modified by the pseudo first
order rate constant, kDA[' A] to read 

Ptr = ket[1A] I (kOA[IA] + ket[lA] + kD). (3.8) 

The concentration dependence of this process and the 
qualitative kinetics are the same as that in Scheme I alone, 
and, on a routine baSis, it is not easy to check whether this 
type of deactivation of 30· is occurring. 

3.1.4. Special Problema In Radlolytio Excitation 

There are special problems with both photoexcitation 
and radiolytic excitation methods. In pulse radiolysis, 
benzophenone has been the most widely used triplet do
nor. The benzophenone triplet can either transfer its en
ergy to the acceptor via reaction 3.2 in Scheme I or it can 
abstract a hydrogen from the solvent and form a ketyl 
radical. 

3.5 (C6Hs)2CO + C6H6 ~ (C6Hs)2COH + C6H S' 

By varing the concentration of the acceptor, the amount 
of ben zap hen one ketyl radical will also vary. The absorp
tion spectrum of the ketyl radical is well-known5

, and 
variations in its spectrum reflect the competition between 
reactions 3.2 and 3.5. 

The first problem with the radiolytic method arises out 
of one of its strengths. One of the attractive features of the 
method is that the extinction coefficient of the ketyl radi
cal can be independently and reliably measured by pulse 
radiolysis. As a general rule it true that measurements of 
extinction coefficients in aqueous solution of radicals will 
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be more reliable when measured by pulse radiolysis than 
by flash photolysis. This is due mainly to the existence of 
reliable G values of the radicals in aqueous solution and 
also due to the fact that in radiolysis, uniform concen
trations of the transients can be generated throughout the 
cell. The problem arises precisely because the well estab
lished extinction coefficient of the ketyl radical is known 
in water; whereas the radiolytic generation of triplets can 
be done only in hydrocarbon solvents where radiolytic 
yields are not at all well established. The procedure that 
is used is that the extinction coefficient of the ketyl radical 
in the hydrocarbon solvent is calculated from the ex
tinction coefficient in water by assuming that the oscil
lator strength is independent of solvent61

• 

The second special problem with the pulse radiolysis is 
that there is part of the ketyl radical population that cannot 
be scavenged. The unscavengeable fraction of ketyl radicals 
can be quite large. In applications it is assumed that the uns
cavengeable fraction is constant, independent of the accep
tor concentration.4 

The third special problem with the radiolysis method is 
that ketyl radicals themselves are often reactive with the 
acceptors. This is not a problem with hydrocarbons, but 
with quinones and acridines the method cannot be used4

• 

There are pulse radiolytic methods, of course, which 
do not involve the competitive step of ketyl radical for
mation. In these. methods, a potential triplet donor, for 
example biphenyl, is present at roughly 100 times the 
acceptor concentration. The donor triplets are formed by 
energy transfer from the solvent triplets. This pulse radi
olysis technique is more analogous to the flash photolytic 
method in that it does not require competition between 
two reactive paths with the subsequent formation of two 
transients which mayor may not interfere with one an
other. 

3.1.5. Special Problems In Flash Photolysis 

The complications unique to the photolytic method are 
bound up with the production of nonuniform distribu
tions of transients according to Beer's Law. Using the 
differential form of the law, namely that AI = 

....,2.3Eo[lD}lAx, one can see that the number of photons 
absorbed in a volume of unit cross section and of depth Ax 
(during unit time) is equal in magnitude to abs(aJ). To 
convert this number, abs(aJ), of excited molecules into a 
concentration that varies with x across the cell, one must 
divide the number of excited molecules by the volume (1 
unit cross section X &x) containing them. In addition one 
needs to multiply by the duration of the exciting pulse, r P' 

and by the triplet quantum yield, <l>T, which results in 

eo·](x) = 2303 ED eO] Ip(x) rp q,T(O). (3.9) 

In Eq. (3.9), 1p(x) is the intensity of the photolyzing light 
at x, PD] is the concentration of the absorbing species 
whose extinction coefficient at the exciting frequency is 
Eo. When the x -dependence of 1p(x) is displayed, using 
the integrated form of Beer's Law, I 
Ioexp{ - 2.3ED[lD]x}, Eq. (3.9) becomes 

[3n*](x) = 2303 ED [In] 'i> exp( - 2.3ED [lD] x) 

X rp<l>T(D), (3.10) 

where ~ is the incident intensity of the photolyzing light. 
When [In] and ED are small enough, ie. 

ED [lD] x ~. 0.05, (3.11) 

then the exponential in Eq. (3.10) is approximately unity 
and PD*](x) is roughly constant across the ce1150

• This is 
the usual technique to obtain uniform concentration dis
tributions in flash photolysis. However, this technique 
often fails when the absorbance of the resulting transient 
is low because then a larger concentration of donor is 
needed than is allowed by condition (3.11). 

When no light is absorbed by the acceptor, . the non
uniform distribution does not present a problem even at 
concentrations where Eq. (3.11) is no longer valid. The 
following discussion is for a linear arrangement of the 
monitoring and photolyzing light. Placing the excited 
state concentration given by Eq. (3.10) into the differ
ential form of Beer's Law for the monitoring light in
tensity, 1m, the effective optical density, 

OD = 10glO(1~/Im)' 
is found by integration to give 

OD(A ) - E" (A ) {(PD*]x=o-[3D *]x=e)}/ 
m - 0 m Eo(Ap)[ID] e ' 

(3.12) 

(3.13) 

where quantities without asterisks refer to the ground 
state, and e is the optical path length of the cell. Even 
though -Eq. (3.13) does not look immediately like the 
conventional formula for an optical density, namely OD 
= E~pD·] e, it can be understood as such if the quantity 
in curly brackets is interpreted as an effective concen
tration. From Eq. (3.13), it can be seen that the effective 
concentration, in front-face experiments, is equal to the 
difference between the true triplet concentrations at the 
front and back faces of the cell divided by the optical 
density of the solution at the exciting wavelength, Ap. 
Note that this interpretation of an effective concentration 
keeps intact the important relationships between ex
tinction coefficient and optical density, namely that they 
are proportional to each other and that the 
Am-dependence of the right-hand side ofEq. (3.13) is only 
in the factor E~. (In most of the equations in this work we 
will use the traditional form for the optical density, but it 
should be kept in mind that for front-face alignment the 
concentration of the transient refers to an effective con
centration defined by the expression in curly brackets in 
Eq. (3.13». 

The complications arise when the acceptor starts to 
absorb the exciting light directly. Even when the quan
tum yield of direct triplet formation is zero for the ac
ceptor, problems can enter. Because of the problem of 
extrapolating the donor absorbance accurately back to 
zero time when an acceptor is present, the initial optical 
density can be taken from a measurement before the ac
ceptor is added to the cell. Then an inner filter effect50 can 
occur just as is common in emission spectroscopy62. The 
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basic equations for numbers of the excited state species 
now become 

[3A*](x) = 2303 Ptr<PT(D)rp ED PD] 

X ~ exp{-2.3(En [ID] + EA [lA])x} (3.14) 

and Eq. (3.10). There is no inner filter effect with only the 
donor in the cell, Eq. (3.10); so after integrating the differ
ential form of Beer's Law using separately Eq. (3.10) and 
Eq. (3.14) and dividing the two resulting equations, one 
ubtains Eq. (3.1S) which is a modification to Eq. (3.3). 

E~(A~) = CinnerE~(A~) (aODA I aODo) I Ptn (3.15) 

where 
Cinner = Ninner I Dinnen 

Ninner = {Eo(Ap) [ID] t } 
X (1 - exp{ -2.3Eo(Ap) [ID]t 

- 2.3EA(Ap) [IA] e}), 

Dinner = {Eo(Ap) [10] e + EA(Ap) CA] C' } 

(3.16) 

(3.17) 

X (1- exp{-2.3Eo(Ap) [ID] t}), (3.18) 

and Ap is the exciting wavelength. The terms Eo(Ap) [lD] t 
and Eo(Ap) [ID] t + EA(Ap) [IA] t are easily accessible to 
measurement because they are just the usual optical densi
ties of the unexcited solutions at the exciting wavelength 
and thus can be measured with an ordinary absorption 
spectrometer. This correction is not necessary when the 
absorbance of the donor is measured in the presence of 
the acceptor because inner filter effects will be the same 
for both the donor and acceptor triplet, and both will 
cancel. Even when the absorbance of the donor is mea
sured separately, as long as the concentration of the do
nor is such that 

(3.19) 

Cinner will approach unity and Eq. (3.3) will hold. 
When the quantum yield for direct triplet formation in 

the acceptor is not zero, the corrections for the acceptor 
absorbing the exciting light are even more complicated. 
In order to present the results simply, we assume that 
both the donor and acceptor absorbances are made with 
both species present, eliminating the correction of type 
containing Cinner in Eq. (3.15). With this qualification, the 
basic concentration equations, for the case where the ac
ceptor absorbs and forms triplets directly, are 

and 

[3A*](x) = 2303 Ptr<PT(D)Eo[lD]rp ~ 

X exp{ -2.3(Eo[10] + EA[1A])x} 
+ 2303 <pT(A) EA PA] r p ~ 

X exp{ -2.3(Eo ['0] + EA [IA])x} 

[30-](X) = 2303 c:I>T(O) Eo PO] r p 

X ~exp{ -2.3(Eo [10] + EA ['A])x}. 
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(3.20) 

(3.21) 

Using these equations with Beer's Law gives the equation 

E~ = E~ (aOO A I aOOD) 

X <l>T(O)ED PO] 
Ptr<l>T(O)Eo PO] + <l>T(A)EA [I A] (3.22) 

which is the analog of Eqs. (3.3,3.15). 

3.1.6. Summary of Advantages and Disadvantages 

In summary, the energy transfer method has an advan
tage over the singlet depletion method in that it does not 
depend on overlaps of the ground-singlet and triplet~ 
triplet absorption spectra. In addition using the pulse radi
olysis excitation method, independent reference ex
tinction coefficients can be obtained because of accurate 
dosimetry in radiolysis experiments. However the accu
racy of the method is only as good as the reference ex
tinction coefficients. The disadvantages and limitations of 
the energy transfer method have heen di!"!cll!"!sed ahove. 
The most troublesome problem is the uncertainty in the 
probability of transfer. This is mainly manifested in the 
process of collisional deactivation without energy trans
fer, namely reaction 3.4. 

3.2. Singlet Depletion (SO) Method 

3.2.1. Description of Method 

If the measurement of the change in 00 due to the 
population of the triplet state can be extended into a spec
tral region in which the starting material (singlet) absorbs, 
then another technique is generally available for the esti
mation of the extinction coefficient of triplet-triplet ab
sorption. This is the method of singlet depletion. 

The precision of the technique can be considerably 
enhanced if the accessible region is one in which the 
uudt:dying singlt:t absorptiun is sharply structured, as will 
be seen below. 

Assuming that all the molecules which are pumped out 
of the starting ground state, So either return to So or 
populate the lowest triplet state, T I within the time scale 
of the observations, then the change in optical density 
may be simply expressed as 

(3.23) 

where PM·] is the concentration of the triplet state at the 
time of observation and e is the optical path length of the 
monitoring beam in the sample (which can usually be 
determined with reasonable precision). 

From the resulting difference spectrum (aOD as a 
function of observational wavelength), the triplet-triplet 
spectrum may be reconstructed in a number of ways 
which are documented in Sec. 3.2.2. 

It is often assumed that a region of the conventional 
ground state absorption spectrum (Sn +-- So) can be lo
cated (and accessed for excitation) where the triplets 
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formed on excitation will not absorb. Thus if the change 
in optical density, ~ODs, due to singlet depletion at this 
wavelength, Ail is measured, then 

(3.24) 

assuming, of course, all find their way to the lowest ex
cited triplet state, T,. The triplet extinction follows sim
ply by using the value of [3M·] from Eq. (3.24) and by 
observing the change in absorbance, ~ODT' at some fur
ther wavelength, A2, where the ground state molecule is 
known not to absorb. 

(3.25) 

If it is assumed that the nascent triplet state does not 
absorb in the spectral region where the singlet depletion 
is monitored, then an upper limit to E~ will be derived; In 
many cases this assumption will be unjustified and the 
more complicated procedures documented below must 
be adopted to recover correct quantitative estimates of 
PM-] and thus E~. 

g.2.2. Reeongtruetion of TruA TriplAt.trlplAt AbRorbancA 

Labhart45 recasts equation (3.23) to give the optical 
density, ODT, due to triplet-triplet absorption as 

(3.26) 

It is then possible, by trial and error, to find a value of 
PM·] such that ODT shows no evidence of the peaks in the 
original singlet absorption spectrum. If pM·] is chosen to 
be too large, then the peaks of the predicted triplet spec
trum will coincide with those of the underlying singlet. 
Too small a value for pM·] aligns the peaks of the triplet 
spectrum with troughs in the singlet absorbance. Upper 
and lower limits for [3M-] are thus readily established. 

Dawson63 assumes that the triplet extinction coefficient 
did not change between the wavelength of the peak, Al of 
a strong singlet absorption and an adjacent trough, A2• 

This gives an equation for [3M·] in terms of the AODs and 
the ground state extinction only. 

(3.27) 

The resulting value for the concentration of triplets may 
be checked, in a similar fashion through the region of 
overlapping singlet absorption.· Bowers and Porter64 had 
previously derived an equation similar to Eq. (3.27). In 
that work the wavelengths, Al and A2, were chosen to 
bracket a strong singlet absorption and the value for E~ 
was again assumed constant in this range. Unfortunately 
their Eq. 1 contains a misprint with extinction coefficients 
instead of ~OD's in the denominator. 

By utilizing the change in OD at both troughs neigh
boring a strong singlet peak, and at the peak itself, Hadley 

and Keller65 obtain three simultaneous equation~ for PM"] 
and the triplet extinction at the three wavelengths in ques
tion. These are 

Assuming that the triplet extinction changes linearly over 
the spanned wavelength range provides a fourth relation, 

(3.29) 

which is sufficient to allow solution for [3M-]. An alterna
tive choice for the observation wavelengths is made by 
Pavlopoulos66

• Assuming that the triplet extinction coeffi
cient varies linearly 

E~(A) = A + B A (3.30) 

over the region between the onset of a ground state ab
sorption band, Aal and the isosbestic point in the difference 
spectl~ulll, Ac, and recording the change in optical density 
at these wavelengths and also at some intermediate wave
length, Abl again leads to a set of equations which may be 
solved for the triplet concentration. Noting that, at the 
isosbestic point, 

(3.31) 

these equations may be written as 

. ~OD(Aa) = (A + BAa) [3M-] e, (3.32) 

~OD(Ab) = {(A + B Ab - Es(Ab)} PM·] e, (3.33) 

and 

(3.34) 

and A,B and [3M-] may be recovered. 
The success of these methods obviously depends on the 

existence of accessible spectral regions where So ~ So and 
T 0 ~ T 1 transitions overlap, which is often found to be 
the case. 

3.2.3. Corrections for Triplet Decay 

As long as no (irreversible) photochemistry halS uc
curred upon excitation, no corrections for triplet decay 
are required. In a pulsed laser experiment, after the ex
cited singlet has decayed. the original population will be 
distributed between the ground state and the triplet state 
only. Changes in OD at the depletion and observation 
wavelength should thus simply be measured after equiv
alent time delays. 

3.2.4. Summary of Advantages and Disadvantages 

Obviously, if other channels are open (eg. photo
chemical) and can be quantified, appropriate corrections 
can be made - but these complications would greatly 
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reduce the usefulness of this method and detract from its 
principal advantage, its simplicity. This simplicity rests in 
the fact that no detailed knowledge is required concern
ing the rate constants of the various participating elemen
tary radiation less processes. 

Though this method is free from kinetic considerations 
one practical weakness remains. In the singlet depletion 
region no precise knowledge of the triplet absorption 
profile can be gained without recourse to one of the ap
proximation schemes discussed above. Only at an is os
bestic point in the difference spectrum can a certain value 
of the triplet extinction coefficient be given. The values at 
other wavelengths are critically dependent on the func
tional form for e(A) chosen above. 

3.3. Total Depletion (TO) Method 

3.3.1. Description of Method 

It is often assumed that by simply increasing the in
tensity of a pulse of exciting radiation complete con
version of a suitably small ground state concentration to 
the triplet manifold is possible, provided, of course, that 
the quantum yield of intersystem crossing is not negli
gibly small. Thus [3M-] is simply set equal to PM]. 

Kinetic considerations based on a simple two-state 
model for the population of the triplet state may be used 
to justify the assumption of complete conversion67

• In this 
model the intermediacy of the excited singlet state is ne
glected and the excitation process is modelled by two 
kinetic equations, 

and 

d[lM] 
dt 

(3.35) 

(3.36) 

The excitation rate, k ex has been expHcitly defmed as 

(3.37) 

to clearly exhibit its intensity dependence, Es is the ex
tinction coefficient of the ground state at the photolyzing 
wavelength and optically thin samples are assumed. Solv
ing these equation tor [3M-] with the initial conditions 
[1M] = [IMJo and [3M*] = 0 gives 

for the concentration of triplet at time, t, after a pulse of 
constant intensity, I p, is turned on. In the limit of infinite 
excitation intensity the exponential vanishes and Eq. 
(3.38) collapses to give the initial concentration of the 
ground state. Notice that the triplet state is not allowed to 
decay in this model. 

If it is assumed that the ground state is totally depleted 
then a lower limit can be set on the extinction estimation. 
While this assumption may indeed be valid for systems 
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studied by conventional flash photolysis 18,68 it does not 
hold, in general, when laser pulses of a few (or a few tens 
ot) nanoseconds duration are employed69

• Under such 
conditions kinetic limitations become important and the 
participation of SI must be accounted for. Below we for
mulate a model which adequately encompasses such fea
tures. 

3.3.2. A Three-state Excitation-deactivation Model 

To describe the detailed time development of the popu
lation of an excited state, Processes 1.1 - 1.8 may be mod
elled by a set of three coupled kinetic equations 

d[IM*] 
kex[lM] - kS[IM*], (3.40) 

dt 

and 
d[3M*] 

= kiscPM*] - kTPM"]. (3.41) 
dt 

Note that loss by photochemical processes has been ex
plicitly neglected. For several choices of pulse shape 
these equations may be solved analytically. For example, 
for a square pulse of width, r P' the triplet concentration 
at some time, t, after the pulse, is given by69 

[3M-]t = FM*]r pexp{ - (t - r p)kT } 

+ {kisc/(ks-kT )}[IM*]rp 

X ( exp{ - (t - r p)kT } - exp{ - (t - r p)ks}), (3.42) 

where [3M-]r
p 

and [IM*]rp are the end-of-pulse values of 
the: triplet and excited ~inglet state concelltl-ations re-

spectively. In the limit of an infinitely short (a-function) 
pulse, as the excitation intensity grows toward infinity 
and when the sampling time. t, is sufficiently long that the 
excited singlet has decayed then 

(3.43) 

However, for a finite pulse width there will exist a 
finite end-of-pulse concentration of both TI and SI re
gardless of the excitation intensity. Indeed, in the limit of 
infinite excitation rate (or, equivalently, intensity) we 
find69 

eM*], = [IM]o k isc 
(kT+kisc) 

X{ (l-exp{ -(kT+kisc)r p}) exp{ -kT(t - rp)} 

+ (kT+ kiscexp{ -(kT+kiSC)rp}) 
exp{ -(t -rp)kT}-exp{ -(t -rp)ks}} 

X ~_~ . (3.44) 

Only in the limit of sufficiently fast singlet decay (or 
sufficiently long pulse duration) can complete conversion 
be attained. For a small number of systems examined 
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previously (polycyclic aromatic hydrocarbons) we find69 

that 95% conversion can be expected only when 

(3.45) 

If this inequality is not satisfied for the system under study 
then a systematic error will be introduced into the ex
tinction coefficient of triplet-triplet transitions if the con
centration of the absorbing triplet is simply set equal to 
that of the starting ground state. The method will afford, 
in general, only a lower limit of the true extinction coeffi
cient. 

3.3.3. Corrections for Triplet Decay 

In a pulsed laser experiment the change in optical den
sity at the wavelength of observation will be a function of 
time. Usually these changes are extrapolated back to 
"zero" time (Le. immediately after the pulse) by assuming 
a simple single exponential decay of the triplet absorb
ance. This point should of course be checked and for this 
purpose the initial ground state concentration should gen
erally be kept as low as possible. Complications in the 
decay curve due to triplet-triplet annihilation may thus be 
avoided. 

3.3.4. Summary of Advantages and Disadvantages 

The principal advantage of the total depletion method 
is that it offers a simple direct estimate of the triplet 
concentration and hence of the triplet-triplet extinction 
coefficient. 

Empirically, the approach to total depletion is inferred 
from a saturation in the ~OD at some monitoring wave
length as the excitation intensity rises. The assumption 
then is that the asymptote toward infinite intensity repre
sents complete conversion. Unfonunately, especially in 
laser photolysis, many other sources of this apparent 
saturation are possible. Multiphotonic processes70 includ
ing biphotonic ionization 71,72 and excited state absorp
tion71

•
73 have been shown to produce a similar behavior. 

In order to reduce the chance of interference from such 
spurious phenomena a partial saturation method has been 
developed 71 which is discussed below in Sec. 3.7. How
ever even when these and other complications such as 
photochemical decomposition can be avoided one basic 
problem still remains. The desired conversion to the trip
let state may be kinetically unattainable within a typical 
pulse duration69

, although the observed ~OD may still 
appear to saturate. 

3.4. Relative Actinometry (RA) Method 

3.4.1. Description of Method 

The basic principle of the technique defined here as 
relative actinometry is simple74

• A comparison is made 
between the change in optical density produced in some 
solvent, ST at some wavelength, At upon excitation of the 
triplet, T for which the extinction coefficient, E~ is re
quired and that change produced under comparable con
dition~ (but in a separate sample) in some reference triplet, 

R of known extinction coefficient, E~ at some wavelength, 
A2 (not necessarliy equal to At) in another solvent, SR. The 
concentrations of the ground state precursors of T and R 
are adjusted, based on a knowledge of their respective 
absorption spectra so that the same number of excitation 
photons are absorbed by both sample and reference. 

If ~ODR is the observed change in optical density due 
to the formation of the triplet state, R and ~ODT that 
change for T, then, if ct>T(R) is the (known) quantum yield 
for intersystem crossing in the reference compound in the 
same solvent, SR in which the extinction coefficient E~ 
was determined (under the same conditions of excitation), 
then the extinction coefficient of the unknown triplet 
state is given by 

• ( bODT ct>T(R) • 
ET At) = bODR ct>T(T) ER(A2), (3.46) 

where ct>T(T) is the quantum yield for intersystem cross
ing leading to the triplet state of unknown extinction (and 
again measured in the appropriate solvent, ST under simi
lar excitation conditions). 

3.4.2. Corrections for Singlet Depletion 

As written, Eq. (3.46) requires that the ground state 
depletion (in aD) is negligible at the respective wave
lengths of observation. Thus either the starting singlets do 
not absorb appreciably at At and A2 respectively or the 
excitation intensity is kept low. This latter factor weighs 
significantly in the use of a laser source in this technique. 
Considerable care must be taken to ensure that all the 
excitation beam is channeled into the appropriate photo
physical processes and none is lost to Sn +- St (bi
photonic) absorption for instance, if this process does not 
exc1ul':lvely If'Jld to popu1ation of the triplet manifold. 

If such singlet depletion is, in fact, a problem, it will be 
evidenced by the presence of curvature in a ~OD vs 
intensity plot. Restricting the excitation intensity to the 
initial linear region is then recommended. The extrapo~ 
lation of ~OD's observed in a nonlinear regime is prob
lematical since the curvature may also be due to other 
effectJ1.. 

Often the respective singlet ground states also absorb 
the monitoring radiation. The extinction coefficients. ap
pearing in Eq. (3.46) may be altered to take this feature 
into account to give 

where E~ is the extinction coefficient of the ground state 
absorption (Sn +- So), eventually leading to the triplet, T, 
at the indicated wavelength. The extinction coefficient, 
et is similarly defined for the reference compound. 

g.4.g. Corrections for Triplet Decay 

Comments entirely similar to those presented in Sec. 
3.3.3., applicable to the technique of total depletion are 
again relevant to the method of relative actinometry. 
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3.4.4. Corrections for Laser Excitation 

The achievement of an equal initial excitation popu
lation in both sample and reference is usually performed 
by matching starting ODs in a separate "conventional" 
spectrometer. If a laser is then employed to populate the 
respective transients, questions of bandpass differences 
should be addressed. These are, in general, difficult to 

answer. However, to be most suitable the relevant photo
physical properties (such as the spectral band shapes) of 
both sample and reference should be comparable. 

3.4.5. Extensions 

Obviously, if the initial ODs are different but known 
then the differential excitation probability may be ac
counted for by the inclusion of a simple multiplicative 
factor in either of Eq. (3.46) or Eq. (3.47), whichever is 
appropriate to the experimental situation. 

There is also no need to restrict the reference to an
other triplet-triplet absorption. The benzophenone ketyl 
radical, for which formation quantum yields are known, 
has also provided a useful actinometer. 

Recently an interesting extension of the relative acti
nometry method has been presented75 which removes the 
need for a knowledge of the quantum yields for triplet 
formation. The triplet popUlations formed in both the 
sample and the reference cells are scavenged by biacetyl 
and the intensities of the resulting phosphorescence are 
compared. The extinction coefficients are then related by 

(3.48) 

The ratio, Ip(R)/Ip(T) of the phosphorescence intensities 
then takes the place of that involving the triplet yields, 
though assumptions as to the extent of conversion of indi
vidual triplets must be confirmed or kinetic consid
erations cannot be obviated. 

3.4.6. Summary of Advantages and Disadvantages 

The principal disadvantage in the technique of relative 
actinometry as outlined above is the required knowledge 
of the respective quantum yields for intersystem crossing. 
Indeed, the method is most commonly used to determine 
these yields given estimates of the triplet-triplet extinction 
coefficients76

• If the quantum yields are known (and not 
inferred from those measured or estimated in disparate 
experimental circumstances as is unfortunately common), 
if the .£laD can be satisfactorily extrapolated and if the 
appropriate precautions are taken when singlet depletion 
is a complicating factor, then this technique should yield 
extinction coefficients of comparable accuracy of those 
derived from the other methods documented here. 

3.5. Intensity Variation (IV) Method 

3.5.1. Description of Method 

The intensity variation method was one of the first 
techniques to be used to measure extinction coefficients of 
triplet states17

• The initial application gave results which 
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turned out to be several orders of magnitude too low. 
Later applications of the method77

•
78

, however gave val
ues that were in accord with those results obtained with 
different techniques. 

The derivation of the method is again based on the 
kinetic equations for Processes 1.1-1.8, given by Eqs. 
(3.40) and (3.41). However. conventionally. a steady·state 
approximation for both singlet and triplet excited states is 
made and the depletion of the ground state is specifically 
neglected leading to 

(3.49) 

Here 'TT is the measured triplet lifetime, for example the 
measured phosphorescence lifetime in glassy solutions 
and the concentrations are measured at some volume ele
ment in the cell at distance, x, along the optical path, from 
the point of incidence of the photolyzing light. $T is the 
probability of forming the triplet state from the lowest 
excited singlet. To obtain extinction information then, it is 
thus necessary to know the quantum yield for intersystem 
crossing, <PT' 

At the time of the inception of this technique, the triplet 
yield could be related to experimentally measured values 
in several ways17, In particular, it could be related to the 
ratio, R, of the fluorescence to phosphorescence quantum 
yields and also to the total luminescence quantum yield, 
4>. IfinternaI conversion takes place from the singlet state 
but no intersystem crossing occurs from the triplet to the 
ground state then 

4>T = $/(R + 1). (3.50) 

If the reverse is true, then 

4>T = (R + 1 - R<P)/(R + 1). (3.51) 

If only intersystem crossing from the singlet state occurs, 
then 

$T = t/(R + 1) = 1 (3.52) 

Currently many other approaches are in use for deter
mining <PT' These methods have been comprehensively 
reviewed most recently by Wilkinson 79. 

Using Beer's Law for the intensity variation with x, 
one gets, for an in-line arrangement of the monitoring and 
photolyzing light, in a manner analogous to the pulsed 
excitation results of Eqs. (3.9,3.10) that 

OD ~CPTI~(1 exp{-2.3Es [IMJt})XI03
• (3.53) 

In this equation. everything is assumed known except for 
the extinction coefficient of the triplet. The intensity, ~, 
is varied, and from the slope of the plot of OD vs .fp, one 
can calculate the extinction coefficient. 

The derivation given above follows closely that ofKd
ler and Hadley77. They take Eq. (3.53) one step further 
and assume that the exponential makes no contribution 
because of a large 00 of the ground state at the exciting 
wavelength. However this is not likely to be the usual 
case because OD's are usually of the order of unity or 
lower; in which case the exponential cannot be ignored. 
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McClure!7 used a modification of this derivation in 
which the initial concentration, [lM]o appeared instead of 
the concentration of ground state, eM] in the steady-state 
mixture as the denominator of the lefthand side of Eq. 
(3.49). This lead to a more complicated expression for the 
conversion to the triplet state. In particular, the intensity 
dependence varied as 1/(111 + constant). This equation 
reduces to the one given above when the concentration of 
triplet is low and when the ground state is not depleted 
significantly in the steady-state. However because of this 
dependence, McClure chose to plot 110D vs. 1/~. In 
effect this means that he was emphasizing the OD at 
infinite ~; whereas Keller and Hadley were able to ex
trapolate their OD vs ~ plots easily to zero ~ which is in 
conformity to the assumptions of the method. 

3.5.2. Summary of Advantages and Disadvantages 

This method has been applied to glassy systems with 
weak steady-state illumination. Under these conditions 
this method is at its best because neither the energy
transfer nor the singlet-depletion methods can be used. 

Beyond these conditions, the method becomes cum
bersome. Like some of the other methods photochemistry 
can cause problems. However in addition one needs a 
very complete knowledge of the photopl1ysics of the mol
ecule before one can use the method. First of all one must 
decide which of the three cases to use for <l>T in Eqs. 
(3.50-3.52). Then the triplet lifetime and the ratio, R, of 
fluorescence and phosphorescence yields must be known 
under conditions of the experiment. That is the minimum 
information that must be available in addition to the in
tensity variation measurements. For some of the forms of 
<l>T' the absolute luminescence yield must also be known. 
Finally if the method is to be used, the 1/0D. vs. II ~ is 
more susceptible to extrapolation errors than plotting OD 
vs.~. I 

3.6. Kinetic Method (KM) 

3.6.1. Description of Method 

Another approach employed to estimate the triplet ex
tinction coefficient, closely related to the intensity vari
ation technique of Sec. 3.5., is termed here the kinetic 
method. This method was developed originally in con
junction with phosphorescence studies80

, and later. inde
pendently, applied to triplet-triplet absorption spec
troscopy47,48,81. The basis of this technique also lies in Eqs. 
(3.40-3.41). It is convenient for the present derivation to 
rewrite these as 

and 

(3.55) 

where ks and kT are defined in Eqs. (1.1) and (1.3) re
spectively and [iM]o is the initial concentration of solute. 

In the photostationary state it is assumed that d['M*]/dt 
= 0 which implies 

(3.56) 

Then, from equation (3.55) and using the fact that [3M-]o 
= 0, 

[3M-] = [!M] 1 - exp{ -(y + kT)t} , 
1 ° 1 + kT 

(3.57) 

where the (excitation intensity dependent) constant 1 is 
given by 

(3.58) 

At long times, i.e. t > > (1 + kT)-1 equation (3.57) may 
be reduced to 

1 [IM]o . 
1 + kT 

(3.59) 

Defining the (excitation flux dependent) rise time of the 
triplet-triplel absurbam.::e, T r as 

T r = kex (kT + kisc) + kTkS 

and the triplet decay time as 

TT = 11kT , 

(3.60) 

(3.61) 

then equation (3.59) for the photostationary triplet con
centration may be recast as 

(3.62) 

Thus determination of the growth time of triplet ab
sorption and its decay time after cessation of excitation 
allows the straightforward estimation of the triplet con
centration. 

Assuming that the monitoring beam does not signifi
cantly deplete the ground singlet state (through transi
tions to higher singlet states for example) then the relation 

ODT = E~ PM1" t' (3.63) 

is valid and E~ may be estimated. 

3.6.2. An Alternative Derivation of the KinetiC Method 

As opposed to the technique of intensity variation, the 
kinetic method is inherently a nonstationary approach. It 
is thus not clear that the traditional method47,48,8o of solv
ing equations (3.54) and (3.55) using the steady state ap
proximation, as described in Sec. 3.6.1., is valid. In fact it 
turns out that this approximation is unnecessary and leads 
to an unsatisfactory conceptualization. Thus the follow
ing is a more elaborate derivation than is usually given. 
From this derivation it can be easily seen how the usual 
equations arise and under what conditions the usual equa
tions apply. 

The scheme and mechanism are identical to the in
tensity variation method. However the kinetic method is 
a time-dependent method. The photolyzing light is turned 
on as a very long square pulse. Initially the triplet signal 
builds up after the pulse is switched on. This build-up is 

J. Phys. Chem. Ref. Data, Vol.1S, No.1, 1986 



18 I. CARMICHAEL AND G. L. HUG 

taken to be exponential with a characteristic time, T T" 

When the light of the pulse is turned off at the end of the 
square pulse, the triplet decays with a lifetime of TT, given 
by Eq. (3.61). These two lifetimes can easily be measured 
as indicated above, the derivation of the kinetic method 
relates them to the fraction of triplets in a steady-state 
mixture that has evolved during the· duration of the pho
tolyzing pulse. 

A consistent derivation of Eq. (3.57), with a rise time 
given by Eq. (3.60), starts with a solution of the Eqs. 
(3.54,3.55) for the initial conditions rM*]o = [IM*]o = O. 
The general solutions are given by 

PM*] = -Z+G_exp{m+t} 

+ Z_G+exp{m_d + /3, (3.65) 

where 

m± = -(kex+ks+kT)/2 

± 1/2*V{(kex+ks-kT)2 - 4kexk isc}, (3.66) 

G± = a(kex + ks + m+) - kex/3 (3.67) 
m_ - m+ 1 

Z± = (kex + ks + m±)/kex , (3.68) 

ks = kr + k isc + kicl (3.69) 

a = kTkexeM]oI(kexkT + kexkisc + kgkT ), (3.70) 

and 

/3 = akiSC/kT • (3.71) 

It can be seen immediately that this derivation gives 
results that are quite different in general from the results 
of the standard derivation of Sec. 3.6.1. The results given 
by Eqs. (3.64-3.71) hold for the duration of the square 
pulse, given the conditions of no triplets and excited sin
glets at the beginning of the pulse. 

In order to make further progress in reducing the dou
ble exponential behavior of the general results in Eqs. 
(3.65, 3.66) to the single exponential rise time expression 
of Eq. (3.60), it is necessary to make several approxi
mations. The first step is to remove the radical in Eq. 
(3.66) by making an appropriate expansion. There are 
several ways in which this can be done. The most con
venient way is to rewrite the radical as 

V {(k",,, + ks + kT)2 

- 4(kexkT + kexkisc + kgkT)}, (3.72) 

to then extract a factor of (kex + kg + kT), and finally to 
expand the remaining radical, V[I-YJ, where 

Y = 4(kex kT + kexkisc + kskT) . 
(kex + ks + kT ) 2 

(3.73) 

The expansion is allowed if Y < 1. Y must be < 1 or the 
radical will be imaginary. After making the expansion, 
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m+ -- kex + ks + 0(1) 
(kex + kg + kT)T r 

(3.74) 

and, as always, 

m_ = -(kex + ks + kT ) - m+, (3.75) 

where Tr is defined by Eq. (3.60). From Eqs. (3.74, 3.75), 
it can be seen that if 

(3.76) 

then 

(3.77) 

and 

(3.78) 

The value of m+ is exactly what is required of one of the 
exponentials in Eq. (3.65) if the simplified theory of Sec. 
3.6.1. is to be obtained. Furthermore, since m_ contains 
the measured fluorescence rate constant, one expects it to 
be too fast to see on the time resolution of most instrumen
tation conventionally employed in the kinetic method. 
Mathematically, this empirical requirement that m_ > > 
m + can be written as 

(3.79) 

since one can neglect kT in Eq. (3.78) for m_ by the 
condition in Eq. (3.76). So ignoring the second ex
ponential in Eq. (3.65), Eq. (3.65) can be written as 

[3M*] -- {3 {I - (Z+G_/{3)exp(m+t)}. (3.80) 

If conditions can be found such that the coefficient of 
the exponential, Z+G _//3, can be shown to be one, then 
under those conditions Eq. (3.57) will hold. Using the 
definitions of Z+ and G _ and applying t4e conditions in 
Eqs. (3.76, 3.79) to the expressiun fur Z+O_If3 bel:omes 

(3.81) 

This. rloe!': renuce to one if 

(3.82) 

Thus Eq. (3.65) reduces to the traditional result of Eq. 
(3.57) under the approximations in Eqs. (3.76, 3.7':), 3JS2). 

Even though the standard result holds, the standard 
justification does not necessarily hold. Applying the three 
approximations in Eqs. (3.76, 3.79, 3.82) to the ratio of 
G _, the coefficient of exp{m+t} in Eq. (3.65) for PM"], to 
a, the time-independent part of pM·] in the same equa
tion, gives 

(3.83) 

Only if this expression is small does the steady-state con
dition for eM·] hold. The second factor on the r.h.s of Eq. 
(3.83) is equal to (3/a by Eq. (3.71), and {3/a is the ratio 
of the time-independent concentrations of the triplet to 
s.inglet. Thi!': r::ltio is. not likely to be small in a glass where 
kT may be quite slow and where kisc will still have to be 
large enough compared to the natural fluorescence life
time or no triplet will be able to form. The only way for 
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the time-dependent part of pM·] to be small would be for 
the first factor on the r.h.s. of Eq. (3.83) to be small. This 
means that the excitation rate constant, kex' must be very 
small compared to the decay rate constant for the singlet 
state, k s. 

3.6.3. Summary of Advantages and Disadvantages 

The parallel derivations of the intensity variation tech
nique in Sec. 3.5.1. and the traditional approach to the 
kinetic method outlined in Sec. 3.6.1. suggest the close 
kinship of these two methods81

• Both are usually applied 
to studies in glassy systems because of the inherent me
chanical limitations of rotating sector excitation devices 
which require long triplet lifetimes. The kinetic method 
has some advantage over the intensity variation technique 
in that not as many assumptions need be made about the 
photophysics involved. Rather this information is ob
tained directly. 

3.7. Partial Saturation (SM) Method 

3.7.1. Description of the Method 

Recently a method71 was developed that makes use of 
the large photon fluxes available with lasers. It is different 
from the total depletion method, which was discussed in 
Sec. 3.3., but the final form of the descriptive equations is 
very similar to the expressions employed in that ap
proach. Originally the technique was devised for a situ
ation other than triplet-triplet absorption, but the method 
has been applied in this field in the last few years. 

The basic equation of the method is derived from a 
two-state model of the excitation process, where the two 
states considered are the ground state and the triplet state. 
In the partial saturation method, the ground state may 
become significantly depleted, and its kinetic behavior 
can no longer be ignored. The two kinetic equations for 
the excitation process in this model are given by Eqs. 
(3.35) and (3.36). Combining the solution given in Eq. 
(3.38) for the initial conditions PM] = [IM]o and [3M·] = 
o with the expression for optical density change given by 
Eq. (3.23) gives 

aOD = a(l-exp{-blp})' 

where 

a (E~ - Es)[l M]o t 
and 

(3.84) 

(3.85) 

(3.86) 

We will refer to Eq. (3.84) as Lachish's equation for iden
tification purposes; The intermediate excited singlet does 
not appear in the equations even though it is the state that 
is initially populated by the radiation. Eq. (3.84) is used by 
fitting the data to the two-parameter functional form. The 
excitation intensities must be high enough so that the plot 
of aOD vs. Ip reaches a nonlinear region, a partial satur
ation region, or the method will not work. When the 
exponential in eq. (3.84) is expanded in low I p, the leading 
term is linear in Ip with a coefficient proportional to (a X 

b). There is no constant term, so a and b cannot be deter
mined separately, and thus the E~ also cannot be deter
mined independently of <l>T' 

Even though one must use fairly high intensities to 
reach the nonlinear region, the intensities are lower than 
those needed to obtain total depletion. Herein lies the 
advantage of the method over the total depletion method 
whenever photochemistry is involved. 

3.7.2. An Alternate Model for Photoexcitation 

In order to see under what conditions the singlet can be 
ignored in a kinetic model of excitation, we solve a more 
complete model for the excitation process82

• The equa
tions in this model will apply only while a square pulse of 
intensity Ip is on, and the decay of the triplet state will be 
ignored, as was also done in the two-state model de
scribed in Sec. 3.7.1. Such a model for excitation can be 
written as the following rate equations: 

(3.M7) 

(3.88) 

and d[3M·] _ k. [1M·] 
dt - ISC • 

(3.89) 

Notice that these equations are simply Eqs. (3.39-3.41) 
with kT = 0 (chosen to correspond with the two-state 
model above). 

The solution to these kinetic equations, using the same 
initial conditions as in Sec. 3.7.1., together with ['M·]o=O, 
is 

and 

PM] = 2( (A2-kisc)exp{ -A2t}/A2 

+ (kisc - A3)exp{ - A3t} /A3 ), (3.90) 

[3M·] kiscE( exp{ - A2t } /A2 - exp{ - A3t } /A3 

+ (A2-A3)/A2A3 ). (3.92) 

The definitions of the symbols used in Eqs. (3.90), (3.91), 
and (3.92) are 

where 

and 

A2 (X+ Y)/2, 

A3 (X-Y)/2, 

X kex + kr + kic + kisc 
= kex + ks 

(3.93) 

(3.94) 

(3.95) 

(3.96) 

(3.97) 
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In order to relate this to Lachish's equation, one can 
expand Eq. (3.92) in a systematic fashion. This is done by 
rewritting Eq. (3.97) as 

y = X V(1 - 4kisckeJX2) (3.98) 

and expanding everything as a power series in 

y = kisckex/X2. 

The series is valid if 

kisckex < (kex + ksf 

The lowest order term in such an expansion is 

[3M·] -- [IM]o(l - exp{ -A3/}) + O(y). 

(3.99) 

(3.100) 

(3.101) 

This is almost in the form of Lachish's equation. Using the 
inequality of Eq. (3.100) 

A3 -- kexkisc/(kex + ks). 

If the further assertion that 

kex < < ks 

holds, then 

A3 ,...., kexkisc/ks = kex<l>T 

and Eq. (3.101) finally reduces to 

eM·] = [IM]o(l - exp{-kex<l>T/}). 

(3.102) 

(3.103) 

(3.104) 

(3.105) 

Since kex is proportional to Ip by Eq. (3.37), Eq. (3.105) is 
equivalent to Lachish's equation. 

Thus iIi order for the two-state model for exciting the 
triplet state to be valid the condition in Eq. (3.103) must 
hold. This means that kex must be in general much smaller 
than 108 

S-I. Two examples of photon densities can be 
used to illustrate whether this is a reasonable expectation 
or not. In one report67 the onset of saturation occurred 
with pulses of 1.2 X 10-8 einsteins/cm2

, and in another 
experimene2 nonlinearity was observed at 0.2 MW /cm2

• 

Taking a moderate absorbance of the ground state of Es = 
5000 L mol-I cm -I, these two measurements translate 
into kex's of 1.4 X 107 S-I and 6.7 X 107 s-I, respectively. 
However the photon intensities in these two experiments 
are too large for the condition in Eq. (3.103) to be well
satisfied if the singlet lifetime is 10-8 s. So in such cases, 
the a and b parameters obtained by fitting the Lachish 
equation to the experimental data may not be related to 
the experimental quantities that they are supposed to rep
resent in Eqs. (3.85) and (3.86). 

3.7.3. Summary of Advantages and Disadvantages 

The partial saturation method is basically a curve
fitting technique. In order to get extinction coefficients 
from the Lachish formula, high enough intensities must 
be reached for the aOD vs Ip curves to exhibit non
linearities. However if the power densities and ground 
state Es'S are such that kex is of the order of ks, then the 
more exact formula Eq. (3.92) must apply, but it is not 
simply related to E~. If the adverse condition of kex ,...;, ks 
applies, but the formula aOD = a(l-exp{-bI}) is 
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used anyway, it is still likely that some fit will be obtained 
since the exact equation looks, in form, something like the 
Lachish equation. However the meaning of the extinction 
coefficients obtained by this method will be in doubt. 

If this method can be used in an intensity region where 
the Lachish formula is valid, then the method has distinct 
advantages over the total depletion method. The advan
tages lie in that one can operate in some intermediately 
intense laser excitation regions that may not be plagued 
with multiphotonic effects such as intensity quenching 
due to excitation by the laser of the excited states,73 multi
photonic ionization or photochemistry via the excited 
states,72,83,84 or other true mUltiphotonic processes. 70 

The problem of course is whether a suitable inter
mediate excitation intensity range does exist for the mo
lecular system under study. This will depend on the laser 
intensity. Ip. the ground state extinction coefficient. ESt 

and the singlet state lifetime, kSI; all of these are com
ponents of the condition in Eq. (3.103). If the intensity is 
too small, no extinction coefficients can be obtained by 
the method since aOD vs Ip must exhibit some nonlinear 
behavior. However this nonlinear behavior must be due 
only to saturation, not to the nonlinear processes listed in 
the last paragraph. Furthermore the intensity m1}st be low 
enough so that kex < < ks or the simple formula will not 
apply. 

3.S. Miscellaneous Methods for Measuring 
Extinction Coefficients 

3.8.1. Electron Spin Resonance (ESR) 

Most of the methods used to measure triplet extinction 
coefficients try to avoid the difficult problem of mea
suring the triplet concentration directly. On the other 
hand the ESR method tackles this problem directly. The 
method makes use of the property that molecules in the 
triplet state are paramagnetic and thus have an esr 
signal85

• 

Brinen and coworkers86,87 and Alfimov et al. 88 have 
developed this method. The former workers make use of 
an equation89 which relates the concentration of triplets, 
Nn which has selection rule am = 2 to the concentration 
of a free radical, Nn which has selection rule Am = 1. 
These concentrations are related by the following formula 

(3.106) 

where IT and Ir are the integrated microwave absorptions 
of the triplet and radical, respectively, h v is the micro
wave energy, and D and E are the zero-field splitting 
parameters of the triplet. The factor containing D and E 
can be evaluated using the method of Kubo and Tomita90 

which relates it to the first moment, /-tit of the triplet esr 
spectrum by the formula, 

(3.107) 

The advantage of this method is that it attempts to 
determine the triplet concentration directly. A disadvan
tage is that the Eq. (3.106) is derived for a uniform con
centration of triplets, but the concentration from optical 
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excitation is governed by Beer's Law. One way to min
imize the effects of this last problem is to use small con
centrations. Then the variable concentration represented 
by Eq. (3.10) can be expanded to keep only the first term, 
and the concentration is roughly constaneo. 

3.8.2. Other Comparative Techniques (EL T,HAT,RF) 

In the energy transfer technique there is the transfer of 
triplet energy from (to) a donor (acceptor) compound 
with known extinction coefficient to (from) the acceptor 
(donor) whose extinction coefficient is sought. Particu
larly with the development of nanosecond pulsed laser 
and electron sources the possibility of quantifying other 
photochemical quenching has been realized. Thus the ex
tinction coefficient of the triplet state of 5-nitro-2-furoic 
acid has been estimated relative to the radical cations of 

various amines from which it has abstracted an electron91 

(EL T). Hydrogen atom abstraction (HA T) by ketone 
triplets leads to the corresponding ketyl radicals for 
which extinction data is often independently obtainable. 
Photoreduction of benzophenone by lactams has been 
used in this fashion to evaluate the triplet properties of the 
ketone92. These approaches assume of course that some 

estimate of the amount of conversion of the triplet state 
can be obtained and that appropriate corrections can be 
made for the absorbance accompanying the production of 
the associated ionic and radical species. 

The basis of another comparative method (RF) rests in 
the observations of Lavalette et a1.93 They have noted that 
the oscillator strength of the principal triplet-triplet ab
sorption peaks in a series of aromatic hydrocarbons re
mains roughly constant for a given molecule in a range of 
solvents. Apart from a (usually small) refractive index 
correction, this consistency is expected on theoretical 
grounds, and the result serves as a basis for another useful 
comparative technique. 

To estimate the oscillator strength,!, associated with a 
particular triplet-triplet absorption band, the area under 
the absorption profile expressed as a function of wave
number must be measured. Note also that the extinction 
coefficient must first be known. Thus if we integrate the 
identity of Eq. (3.26) 

fOD(v) dv (3.108) 

(3.109) 

where the constant of proportionality, Un, contains only 
fundamental constants and the solvent refractive index. 

Using Eq. (3.26) once more to eliminate the unknown 
product, pM·] e, gives an equation relating the oscillator 
strength to the area under the experimentally determined 
OD curve scaled to the maximum value of the extinction 
coefficient for the band. 

(3.110) 

If the empirical 00 curve is normalized to unit maximum 
absorbance and the enclosed area termed L, then 

(3.111) 

Thus for some compound in a certain solvent, if either the 
oscillator strength is known or if the extinction coefficient 
is available and an appropriate area can be measured, then 
simply repeating this area measurement in subsequent sol
vents allows the determination of the corresponding ex
tinction coefficients. 

We note again that strictly this procedure ignores the 
variation in refractive index in a set of solvents. A number 
of experimental difficulties also arise. Often the complete 
spectral shape for a given electronic band cannot be d~
tected. Thus some extrapolation of the observed 00 IS 

usually necessary. Often, the assumption of "triangular" 
bands is made, and the area is approximated as the prod
uct of the height and halfwidth, 8, (i.e. full width at half 
maximum). In terms of the area, .I, defined above this 
simplification amounts to a direct comparison of half

widths. 

(3.112) 

Preferably, some extrapolation of the observed OD 
should be attempted. Commonly the bands are assumed 
to be symmetrical around their maxima (as a function of 
wavenumber). Obviously, the OD observed must be 
strictly attributable to the unknown triplet st~te or else 
corrections such as those documented in the foregoing 
sections must be assessed. Also the electronic nature of 
the band must remain reasonably intact in the disparate 
solvating environments. 

3.8.3. Pulsed Intensity Variation 

The formulation of the intensity variation technique 
presented in Sec. 3.4. above, with its steady-state assump
tions, is adequate under conditions of steady illum
ination 77 or conventional flash photolysis 78. With nano
second pulsed excitation, huwever, . a time-deptmdellt 
solution of the corresponding kinetic equations must be 
sought. Such a solution, for low intensity, is possible for 
a square pulse within the context of the simple two-state 
model given in Eqs. (3.35-3.38) above. If the pulse is of 
width, r p and the excitation rate, kex' is as in Eq. (3.37), 
then we find 82 

[3M·]r/PM]o -- r p<l>Tkex - (r p<l>Tkex)2/2. (3.113) 

Triplet decay within the pulse has been specifically ne
glected. For a fixed pulse width a linear variation of tlOD 
with pulse intensity is thus expected at low intensities. 
The slope of this line is proportional to the product of the 
triplet yield and the required extinction coefficient94

• This 
approach has recently been adopted95 to suggest a refine
ment of the triplet extinction coefficient for benzo
phenone, a commonly used reference value. 
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Solution of the three-state model given in Eqs. 
(3.39-3.41) again with the assumption of no triplet decay 
during the pulse leads to a more complex limiting behav
ior. The end-of-pulse triplet concentration is given by82 

PM*]r/[lM]o ~ r p<l>Tkex + kex<l>Texp( -ksr p)/ks 

+ 0 (k~x) . (3.114) 

It thus appears that even at low intensities a further re
quirement must be met to achieve correspondence with 
the simple result presented above; the rate constant for 
singlet deactivation must be sufficiently fast to reduce the 
contribution of the second term in Eq. (3.114). Otherwise 
a false estimate of the extinction coefficient will be ob
tained. However, empirically, the change in optical den
sity upon laser photolysis is recorded after the induced 
fluorescence has subsided. Thus a more suitable com
parison with the two-state result of Eq. (3.113) is pro
vided by the long-time solution of the three-state ap
proach which is82 

[3M*lc/[IM]o ~ rp<l>Tkex - (rp<l>TkexY/2 

+ k~xC<I>}-<I>T){rp/ks + exp(-ksrp)/kn. (3.115) 

This expression differs from the commonly used limiting 
form of Eq. (3.113) only in terms of second order in kex. 
Thus, provided no curvature is observed in plots of aOD 
against intensity, the simple relation 

(3.116) 

will be valid. 
The principal disadvantage of this technique is, of 

course, that <l>T must be known. This problem is weighed 
against the fact that at low intensities complications such 
as photochemistry can be alleviated. 

4. Evaluation Procedure 
4.1. General Methodology 

The above discussions of the problems encountered in 
the application of the various types of excitation sources 
in Sec. 2. and, in particular, of the advantages and disad
vantages inherent in the methods employed to determine 
the extinction coefficients of triplet-triplet absorption 
bands listed in Sec. 3., serve as a framework for a sci
entific evaluation of the wavelength maxima and ex
tinction coefficient clata presentecl in Table 6. 

Thus we have pointed out various precautions and cor
rections required in each method and have outlined their 
respectiv~ domains of applicability_ It was initially in
tended to develop an automatic evaluation procedure 
based on a quality indicator derived from a list of require
ments which, ideally, would have to be satisfied to ensure 
sound application of the experimental extinction tech
niques. Unfortunately, in the course of extracting data in 
the primary literature, we regularly encountered inade
quate reporting of experimental methodology. This defi-
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ciency should hopefully be remedied in the future if the 
guidelines for the presentation of photchemical and pho
tophysical data issued by IUPAC96

,97 are routinely fol
lowed. For the purposes of the present compilation we 
have had to judge the data firstly on a case by case basis 
as they were converted for entry into our database and 
save any global comparison until this compilation was 
near completion. This procedure represents, then, a first 
step in our evaluation. 

Many decisions and interpretations had to be made 
merely to get the data into our structured data file. Insuf
ficient information was often present in a given work to 
fulfil even the minimum requirements for tabulation. In 
this case similar articles by the same authors could often 
be found and some extrapolation made to glean the neces
sary data for entry into the table. If this extrapolation was 
very great, it was documented in the comments column. 
A most common inadequacy was failure to mention the 
solvent system used. 

A problem central to the kinetic spectroscopy of tran
sients is the identification of the absorbing species. We 
indicate the methodes) adopted, where these were re
ported, in the comments for each entry in the main data 
table. Often, however, comparison with an earlier spec
trum of the same molecule or a closely similar compound 
is implied (if not stated), and this comment has not been 
included. Of course we are careful to note or eliminate 
bands which have been interpreted or proven by later 
authors to be due to other species. Oxygen quenching, the 
susceptibility of the transient to aeration or oxygenation of 
the ambient medium, has been most widely quoted as an 
identification method. Unfortunately the decay rates of 
many transient species are reduced in the presence of 
oxygen either through photochemical quenching or en
ergy transfer. For triplet states, the most likely process is 
thought to be98 

4.1 

Another popular technique involves the sensitization of 
(by) the transient by (00 well characterized triplet state 
species. In this method it is implicitly assumed that only 
3D*-+3 A * transitions are effective in transferring energy to 
(from) the triplet states of known acceptors (donors). 
However. both 3D· -+ lAO energytransfer99 and In· -+3A* 
energy transfer 100 have been reported, though the latter is 
quite rare. These two approaches are most reliable when 
some estimate of the quenching rates involved is given or 
when multiple references have been usecl, for example in 
an effort to bracket the triplet energy of the unknown 
sample. 

If the absorption ean be followed in a glassy m~trix, SInd 
if the observed transient lifetime matches the decay of 
phosphorescence, then a triplet state can be confidently 
assigned. This technique is particularly useful carried out 
at a number of distinct wavelengths. Corresponding de
cay times would thus eliminate the possibility of multiple 
transients. Again in glassy samples, if the transient can be 
detected by ESR techniques, then the presence of Am = 
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2 transitions in the ESR spectrum provides convincing 
evidence of its triplet nature. Another interesting tech
nique involves an additional monitoring of a fluorescence 
signal. If the square of the transient absorbance can be 
correlated with the intensity of delayed luminescence 
arising from triplet-triplet annihilation, then a triplet state 
source is likely94. 

Simply observing a first-order decay of the absorption 
signal on a time scale appropriate for triplet disap
pearence· under the conditions used. has been cited by 
some authors as evidence for triplet state participation. 
Radicals often vanish through second order processes 
and can be longer lived. But this method is obviously not 
free from criticism. Over the course of this work we have 
formed the impression that serious identification strate
gies are only attempted when the assignment is either 
novel or questionable. 

Another example of a problem encountered in the data 
extraction phase is the precise chemical nature of the 
triplet species, for instance the state of ionization es
pecially when the solvent is water. This problem was 
addressed by collecting pKa's (or pKb'S) of the triplet 
conjugate acids (or conjugate bases), by including these in 
the comments and then by analyzin~ which triplet species 
should be present at the pH specified. 

As we have stated previously, there exists a good deal 
of agreement among the values reported by various 
workers, using different excitation methods for the wave
length maxima of the triplet-triplet absorption spectrum 
of a particular compound in a particular environment. 
Solvent shifts in Amax are also consistently documented in 
general. An exception however is found in the values of 
Amax derived from uncorrected difference spectra. As a 
difference spectrum approaches the singlet depletion, 
SD, region, aOD drops precipitously. This effect can add 
spurious maxima and/or greatly shift maxima that occur 
in or near the SD region. For this reason we have at
tempted to avoid quoting maxima near the SD region 
which have been clearly obtained directly from differ
ence spectra. Also we have not attempted to locate such 
peaks on published difference spectra. Indeed we have 
often simply omitted mention of original articles which 
record spectral data derived solely from such difference 
spectra. This criterion, unfortunately, means that we have 
excluded more. data relevant to such molecules as por
phyrins and chlorophylls than was our original intent. 
Most reports of triplet-triplet absorption in these com
pounds contain only uncorrected difference spectra and, 
in addition, such spectra occur almost entirely in the SD 
region. 

Unfortunately, the relative reproducibility revealed in 
the various measurements of Amax, is not present in the 
corresponding estimations of the extinction coefficient, 
Emax· Data for the same molecule in different solvents are 
of course subject to a wide scatter. However, data for the 
same solvent/molecule system, but obtained by different 
measurement techniques, are still inconsistent. Two of the 
principal methods employed to determine the extinction 
coefficient of triplet-triplet absorption, the energy trans-

fer method, ET, (see Sec. 3.1.) and that of relative acti
nometry, RA, (see Sec. 3.4.) as well as a number of the 
less widespread approaches (see Sec. 3.8.2.) are compara
tive techniques. Ideally the data derived from these meth
ods should form a network within which questions of 
internal consistency both within a given technique and 
across a range of approaches could be answered. A num
ber of problems remain which currently prohibit the 
achievement of such a goal. Usually authors mentioned 
the standards that they used for reference in some detail. 
However quite often the authors would quote a standard 
that was measured in a totally different solvent. The refer
ence E may have been measured in a similar solvent, but 
this does not automatically guarantee that it will be un
changed in the solvent that the authors found convenient 
to study. A good deal of work has been done - to 
document93 that this apparent neglect of solvent effects 
underlies much of the apparent discrepancies between 
E.max measured in different laboratories (even if this deter
mination is performed by the same technique). In fact it 
was shown that the use of oscillator strengths would 
serve to be a better guide to relating the absorption spec
trum of a solute in one solvent with its spectrum in an
other solvene3

. 

This empirical rule that oscillator strengths are rela
tively independent of solvent has a theoretical justifi
cation. Most of the well-studied spectra are allowed tran
sitions; thus solvent effects, being -first- or second-order 
perturbations, will not contribute a very large fraction to 
the transition matrix elements, which are directly related 
to oscillator strengths and not to e's. In order to deal with 
this problem for this compilation, we made a special effort 
to report, in the comments for comparative methods, 
both the reference E used in addition to the solvent which 
was used to get that particular reference E and the rele
vant oscillator strengths if given. 

In summary, then, roughly 30% of the entries in the 
Table contain extinction information. Of these, about 40% 
are relative measurements which can be checked for in
ternal consistency. Data derived from other techniques 
lie outside of this network, and their quality must be judged 
accordingly. 

4.2. A Statistical Analysis 

4.2.1. Statistical Test of Solvent and Temperature Effects 

As a further step in a quantitative evaluation of the 
triplet-triplet extinction coefficients, we undertook a 
short statistical analysis of the data. One of the first things 
that strikes an observer of the extinction coefficient mea
surements is that there is a large variation between the 
values derived for most compounds for which multiple 
determinations exist. The question arises as to whether 
these variations are so large as to swamp more systematic 
scatter arising for example in solvent effects. Some 
progress101 has already been made in evaluating photo
physical and photochemical data by ignoring solvent ef
fects and by treating all the variation between mea
surements as random. 
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To judge whether or not the systematic variations can 
be ignored, we ran a series of statistical tests on one of the 
key compounds. The approach chosen was a t test which 
gauges the validity of the hypothesis that two sample 
distributions had the same mean. The test assumes that the 
variances of the two sample distributions are the same, 
but unknown. The procedure is described by Dstle and 
Mensing. 102 A test statistic, T, is used in the method, and 
T is defined by 

T = «XI> - <X2 »/V{S2(lIn, + lIn2)}, (4.1) 

where S2 is the estimate of the common variance given by 

S2 = {(nl-l)st + (n2-1)sH/(nl+n2-1) (4.2) 

and where < Xi >, nb and Si are the mean, size, and sample 
standard deviation, respectively, of the ith sample. The 
critical region of the test is given by 

(4.3) 

t is obtained from tables of Student's t-distribution, and 
a X 100% is called the level of significance of the test. The 
level of significance is the probability that one will reject 
a true hypothesis for the given test procedure. Tradi
tionally, the acceptance or rejection of hypotheses is 
based on a 5% level of significance, or even on a 1% level 
if it is really important to avoid rejecting a true hypothe
sis. The test is done by first calculating T, from Eq. (4.1) 
and then checking to see whether the calculated T falls in 
the region defined in Eq. (4.3) for the chosen level of 
significance. If T falls in this region, then the hypothesis 
is rejected. 

Five such t -tests were run on the anthracene data using 
31 measurements. The 2800 value was discarded because 
of a systematic error in the measurement, and another 
value was discarded from these initial tests because no 
solvent conditions were given. Five separate tests were 
run, but tests were made on three general areas. First the 
data was tested to see if the measurements in polar envi
ronments and nonpolar environments had different 
means. Second it was tested whether measurements at 
low-temperature and room temperature had the same 
means. Third it was tested whether measurements in ben
zene vs other nonpolar solvents were different. 

In all of the five specific tests for anthracene, the hy
potheses that "the means are equal" in all cases could not 
be rejected at the 5% level of significance. In fact the 
observed values of the test statistics were just significant 
at the "levels of significance" ranging from 14 to 30%, see 
Table 3. These values, being in the range of 14 to 30%, are 
well above the traditional levels of 5% or 1 %. This implies 
that if one chooses to reject the hypotheses that "the means 
are equal", then one runs quite a large risk, 14 to 30%, of 
rejecting a true hypothesis. 

The simple sequence of t -tests just described is only one 
way to test for the equality of a series of means. It can lead 
to severnl problems; one of which is the problem of tran

sitivity of the means. This problem is that if one tests 
means two-by-two it is possible to find no significant dif
ferences from the tests even when the differences are 
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present. This could happen if not all possible pairs are 
tested. However if all pairs of means are tested two-by
two then it becomes more likely that a mistake will enter 
in the form of a rejection of a true hypothesis. 103 

In order to circumvent the problems of doing a large 
number of two-by-two tests, but yet being able to test all 
the means, one can use an F -test along the lines of a 
technique called Analysis of Variance (ANOV A). The 
specific test we chose is described on pp. 123-5 of Ostle 
and Mensing lO2 with the ANOV A for an unequal number 
of experimental units described 102 on pp. 295-7. The hy
pothesis to be considered is that "the means of all the 
groups are equal" as opposed to the alternate hypothesis 
that "at least one of the group means is different than the 
other means." In the ANOV A technique one compares 
the variation within the groups to variations among the 
groups. If the variation among the groups is significant 
relative to that within the group, then the hypothesis that 
the means are equal is rejected. 

For the ANOV A, we chose five groups related to sol..: 
vent and temperature among the anthracene mea
surements. The five groups were polar-R T, polar-L T, 
benzene-RT, cyc1ohexane-RT, and nonpolar-RT. RT and 
L T refer to room temperature and to low temperature, 
respectively. The nonpolar group did not contain any 
benzene or cyc10hexane data. With this five-level classi
fication of the same 31 measurements of anthracene as in 
the t-tests, we obtained an F-ratio of about 1. This indi
cated that the hypothesis was not to be rejected at the 
usual levels of significance. However since there may be 
extreme values that are significantly affecting this· result, 
we used Chauvenet's criterion (see Sec. 4.2.2.) on the data 
to check for such outliers. The value of 118000 failed and 
was rejected. With this revision of the data groups we 
performed the ANOVA again ann ohtained the tradi
tional AND V A table given in Table 4. 

TABLE 3. t tests of solvent effects in anthracene 

Dual comparisons No. in 
samples 

Polar / Nonpolar (RTb) 9/16 
polar (KT) I Polar (L T") 9/6 
All (RT) I All (LT) 25/6 
Benzene / other Nonpolar 6/10 
Benzene / Cyclohexane 6/5 

a Comparison is statistically significant at f %. 
b Room temperature. 
C Low temperature (usually 77 K). 

t test 
statistic 

1.06 
1.61 

1.21 
1.09 
1.17 

TABLE 4. ANOV A table for anthracene a 

Source of Degrees Sum of Mean 
Variation of Squares Square 

Freedom IX 109 Ix 108 

Mean 1 111 1110 
Among Groups 4 1.11 2.78 
Within Groups 25 6.U5 2.42 

Total 30 111 

II Excluding outlier. 

F 
1% 

F 

30 
14 

24 
30 
28 

RM;n 

1.15 
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The F-ratio of 1.15 was compared to an F-distribution 
with 4 and 25 degrees of freedom and was found to be not 
significant at the traditional levels. The F-ratio would 
have to be about 3 before one could reject the equality of 
the group means at a 5% level. 

Both the t-tests and the ANOV A have limitations. 
They complement each other in the sense that the 
ANOV A assumes that all of the groups have the same 
variance, but each t -test makes a separate assumption 
about the equality of the variances of the means that it is 
testing. The ANOV A is more limited in this sense, but it 
has the advantage that it tests the means only once as 
discussed above. 

One feature that is shared by both tests is the assump
tion of an underlying normal distribution. It is relatively 
easy to test whether the large distribution of 30 mea
surements used in the ANOV A is normal or not. The 
procedure we chose was the Kolmogorov-Smirnov test, 
described ina textbook by DeGroot104 on pp. 465-8. The 
largest difference, D:, between the empirical distribution 
function and the distribution from a standard normal dis
tribution was 0.10 for the data used in the ANOVA 
above. Following through the rest of the procedures for 
the Kolmogorov-Smirnov test, we found 11 tail region of 
over 90%, which is very far from the 5% or I % tails tradi-" 
tionally used in rejecting the hypothesis that the distribu
tion is normal. 

Another assumption of the statistical models under
lying the t-tests and the ANOVA is that the variances of 
the normal distributions of the groups being tested are 
equal. One can also test this assumption if one uses an 
F -test. The F statistic chosen 102 is 

(4.4) 

where the rejectio:n region of the test is 

(4.5) 

or 

(4.6) 

As before Sj and ni are the sample standard deviation and 
size of the ith sample, respectively, and the F's on the 
righthand sides of Eqs. (4.5,4.6) are taken from tables of 
the F -distribution with nl -1 and n2 -1 degrees of free
dom. The variances of the five pairs of groups in Table 3 
were tested using this test, and none of the five tests 
showed any statistically significant result. 

In summary thet-tests and the ANOVA both failed to 
detect differences between the means of the groups of 
anthracene measurements based on solvent and tem
perature. This does not imply that the measurements all 
truly come from the same distribution and that there are 
no solvent or temperature effects. But it does indicate 
that, given the data in the literature, we cannot reject the 
hypothesis that there is no statistically significant difference 
between the means o/the various solvent-temperature groups. 

4.2.2. Mean E arid Confidence Intervals 

Based on the results of the statistical tests of solvent and 
temperature effects on anthracene, we proceeded with 
the statistical analysis by ignoring these effects. We stud
ied the 32 compounds that had five or more measure
ments at a particular wavelength. The number five was 
chosen because it allows reasonable statistics to be done, 
such as using Chauvenet's criterion. 

Since the samples were taken from a distribution whose 
mean and variance are both unknown, we used the t 
factor to calculate the confidence interval. 102 The assump
tion made here is that the sample is distributed normally 
with unknown mean and variance. The 95% confidence 
interval was calculated from 

CI = fo.m(N-l) X s / VN, (4.7) 

where s is the sample standard deviation and N is the 
number of measurements. The values of to.975(N-l) were 
taken from tables of the t -distribution. The calculated 
means of the samples of measurements on the various 
compounds are given in Table 5 along with the calculated 
95% confidence intervals. 

In an attempt to critically evaluate the data, we chose 
Chauvenet's criterion to examine the individual mea
surements on each of the 32 compounds. The guiding 
principle105 of Chauvenet's criterion is that individual 
measurements should not inordinately influence the cal
culation of the mean of a sample. If an individual mea
surement has a much larger (or smaller) deviation from 
the mean than any other measurements, then it will pull 
the value of the mean toward it to a much greater extent 
than other measurements pull the mean toward them
selves. Measurements that do affect the mean in such an 
unwanted fashion can be identified and eliminated from 
the sample if desired. The explicit form is such that if the 
deviation from the mean, dj, is greater than q, where q is 
given by 

1 - {1/sv'(27T)} X !:aexp{ _y2/(2s) } dy = 1/(2N), 
(4.8) 

then the ith measurement ca.n be eliminated from the cal
culation of the mean. This is Chauvenet's criterion. 

Chauvenet's criterion gives a more flexible procedure 
than simply discarding measurements that are 2 (or some 
other fixed number of) standard deviations away from the 
mean. 101 For the same sample standard deviation, s, a 
sample with N = 5 would throwaway measurements that 
had di > 1.68 X s. However, a sample with N = 30 would 
not throwaway a measurement unless di > 2.39 X s. This 
implies that the criterion is much more tolerant of large 
deviations in large samples than it is in small samples, 
which is just another way of saying that the mean of a 
small sample is more sensitive to a large deviation than is 
the mean of a large sample. 
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TABLE 5. A verage extinction coefficients 

Compound Name (Amax/nm)a No. <€> 95% confidence €(benzene )b €( cyclohexane)b 
/L mol- 1 cm- 1 interval /L mol- 1 cm- I / L mol- 1 cm- I 

1. Acridine (440) 12 23900 ±3250 (± 14.%) 24300 31500 
2. Anthracene (430) 11 (\1000 ±5670 (± 9%) 45500 64700 
3. Benz[a ]anthracene (490) I 10 23300 ±4190 (±18.%) 20500 28800 
4. Benzo[a ]coronene (570) 5 22300 ±4170 (±19%) 
5. Benzophenone (525) 17 7640 ± 1050 (± 14.%) 7630 
6. Biphenyl (360) 8 36600 ±6300 (±17.%) 27100 42800 
7. Carbazole (425) 6 14000 ±311O (±22%) 
8. 3-Carbethoxypsoralen (450) c 7 4620 ± 1870 (±40%) 
9. ~-apo-14'-Carotenal (480) 4 120000 ±9840 (± 8%) 
10. Chloranil (510) 6810 ±1170 (±17%) 
11. Chrysene (580) 7 30000 ± 13700 (±46%) 
12. Dibenz[a,h]anthracene (580) 6 21600 ± 10000 (±46%) 
13. 9,1O-Diphenylanthracene (445) 6 16500 ±2230 (± 13%) 
14. DPB (390) 5d 52600 ±8890 (±17%) 
D. UPH (420) 7 112000 ±5390 (± 5%) 
16. DPO (440) 7 189000 ±22900 (± 12%) 
17. Duroquinone (490) 10 6180 ± 1330 (±21.%) 6950 5330 
18. Methylene Blue+ (420) 4 10800 ±3760 (±35%) 
19. Methyleue Blut:~, p:rutonated (370) 4 13800 :t:1910 (:t14%) 
20. CI7-aldehyde (440) 7d 59600 ±6640 (± 11%) 
21. Naphthalene (415) 16 22500 ±5230 (±23%) 13200 24500 
22. Naphthalene-ds (415) 6 23500 ±11700 (±50%) 
23. 5-Nitro-2-furoic acid (490) Sd 20700 ±1550 (± 7%) 
24. Phenanthrene (490) 10 26900 ±6500 (±24%) 15700 25200 
25. Pyrene (415) 36400 ± 14700 (±40%) 20900 30400 
26. 1.Pyrenecarboxaldehyde (440) lOd 18400 ±311 (± 2%) 
27. 11.l'i~-Rl"tin:l1 (450) 6 49700 ±20300 (±41%) 
28. all-trans-Retinal (450) 14 71000 ±3420 (± 5.%) 
29. TMPD (620) 5 15300 ±661O (±43%) 12200 
30. Triphenylene (430) 9 12700 ±4120 (±32%) 
31. Ru(byp)~+ (370) 5 27600 ± 1830 (± 7%) 
32. Zinc(II) phthalocyanine (480) S 33300 ±154oo (±46%) 

a Nominal wavelength maximum (large environmental and instrumental shifts are often present). 
b Data from R. Bensasson and E.J. Land, Trans. Faraday Soc. 67, 1904 (1971). 
c 450 nm not necessarily a maximum. 
d Average computed from one paper only. Scatter in the data for these compounds is likely due to real solvent and temperature effects. 

The measurements that do not satisfy Chauvenet's cri
terion for the 32 compounds studied are marked in Table 
6. These values arc not included in the averages listed in 
Table 5. There are two other type of measurements that 
we have excluded from the averages in Table 5 and have 
marked in Table 6. 

The first includes measurements that are commonly 
acknowledged to contain systematic errors. In this class 
we have marked only values from some of the first papers 
to measure extinction coeffidellls uf triplet-triplet absorp
tion. These values are uniformly too small by an order of 
magnitude or so. 

The second type of measurement that we have ex
cluded from averages in Table 5 are measurements in 
mixed crystals, neat liquids and micelles. These mea
surements are also uniformly low compared to other mea
surements. In this case however, we believe the values are 
low for a good physical reason. It seems likely that there 
are intermolecular interactions between the chromo-
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phores that are causing the hypochromic effect. This in
termolecular effect is well studied in DNA (see Chase and 
Rhodes 106 for a theoretical review). A similar effect is still 
likely in mixed crystals. Depending on the host, inter
molecular communication between the guest molecules is 
possible. 

4.2.3. Discussion of Statistical Results 

The above statistical analysis can be summarized as 
follows: Based on the statistical tests un the anthraceue 
data, we found no statistically significant solvent or tem
perature effects. Furthermore the data for anthracene ap
pear to follow a normal distribution. Generalizing these 
two statistical results to all the compounds, we calculated 
means and 95% confidence intervals for those compounds 
with more than five measurements. In addition we chose 
again Chauvenet's criterion to tag outliers in the data. 

However, as is well known from other varieties of 
molecular spectroscopy, solvent and temperature effects 
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do in fact exist. The question then arises as to how the 
statistical results obtained above should be viewed. 

To support the view that solvent and temperature ef
fects are significantin this data, one only needs to look at 
Table 6 and see how the extinction coefficients often go 
up, particularly in glasses at low temperature. So the data 
do in fact show systematic variations due to solvent and 
temperature. Furthermore the compounds tagged with 
superscript "d" in Table 5 are reported in single papers 
and should therefore give some indication of the solvent 
effect because systematic errors due to different laborato
riesare "blocked out", in the statistical sense. Finally the 
widely used standards61 listed in the last two columns of 
Table 5 show a significant deviation between cyclohex
ane and· benzene which might not be expected to be so 
large because of the similarity of the physical properties 
of these two solvents. 

The contlict between the lack of statistically significant 
solvent effects and the appearance of them in the several 
forms as listed above can be rationalized, of course. The 
resolution of the conflict most likely lies in the random 
experimental errors in the difficult measurements and in 
the various systematic errors between laboratories and 
methods. These errors are . large enough so that the dis
crepancies between measurements within solvent groups 
are comparable to or larger than fluctuations among sol
vent catagories .. A quantitative test of this was given 
above in the ANDY A procedure on the anthracene data. 

The sources of these systematic errors due to methods 
have already been discussed extensively in Sec. 3. For 
convenience we list some of the more prominent conclu
sions here again. Singlet depletion (SO) gives an upper 
bound due to underlying triplet absorption. Total de
pletion (TO) gives a lower bound due to lower triplet 
concentrations either from competing photophysical 
(multiphotonic) or photochemical processes or from in
sufficient laser pulse length. Results from the energy 
transfer (ET) technique can be either high or low due to 
lack of unit probability of energy transfer (high when the 
unknown is the triplet donor and low when the unknown 
is·the triplet ·acceptor). 

The systematic errors due to variations between labo
ratories may partially be accounted for by the systematic 
errors incurred by the choice of method, but an additional 
source is to be found among the various procedures adop
ted in different laboratories. Some of the more prominent 
of these include improper overlap of monitoring beam 
with exciting beam,53 monochromator slits too wide for 
sharp spectra (particularly important for the aromatic hy
drocarbons, leading extinction coefficients being too 
low},50 different standard extinction coefficients for rela
tive methods like energy transfer and relative acti
nometry, improper calibration of monochromator (mak
ing these standards even more tenuous in relative 
methods and throwing off the singlet wavelength where 
the standard E is measured in singlet depletion mea
surements), . and insufficient number of wavelength mea
surements to clearly define the absorption peaks.7 Many 
of the commonly used reference extinction coefficients 

are unfortunately for compounds with particularly sharp 
spectra such as anthracene. 

4.3. Tentative Standard £'s 

Taking into account that experimental errors, both 
methodological and instrumental, seem to induce vari
ations in the data that are greater than, or of the same 
order as, the solvent effects, it is tempting to use the 
average extinction coefficients in Table 5 as standards. 
We feel it would be premature to do this at this time. 
However lacking further analysis, we would recommend 
that these values represent some of the best E'S that are 
available at this time. 

Until further analysis can be performed, we recom
mend that a hierarchy of values be used. First we would 
still recommend the Bensasson-Land values61 in the last 
two columns of Table 5 if the solvents used are benzene 
or cyclohexane. The only exception to this is that 7220 L 
mol-I cm -1 should be used for benzophenone in ben
zene.95 For these measurements great care was taken to 
make these values stand as bench marks. Our only reser
vation is that these measurements were made using pri
marily the energy transfer. method and are susceptible to 
its weaknesses. The measurements are also susceptible to 
the usual instrumental errors, but great care seems to have 
been taken to avoid the instrumental pitfalls in these two 
works. 

On the next . level· of the hierarchy of values, we ten
tatively recommend the average values in Table 5. These 
values are not equally recommended and should only be 
used ina nested hierarchy. The hierarchy we recommend 
can be used as follows: First, for compounds that have 
values in one of the last two columns of Table 5, use the 
average E'S only for solvents that are not benzene or 
cyclohexane. Second, use the average values of E for all 
other compounds with exceptions being made for the 
compounds with confidence intervals exceeding ±30%. 
Third, average E'S for compounds with large confidence 
intervals of over ± 30% should not be used as a standard 
in a relative measurement of an unknown extinction coef
ficient (or quantum yield) unless no other compound with 
a more reliable standard can be used. 

At this point it should be noted that the average E'S with 
their accompanying confidence intervals are not always 
consistent with the values in the last two columns of 
Table 5. This is true even for the compounds with con
fidence intervals of less than ±30%. The most notable 
example is the Bensasson-Land value61 for anthracene in 
benzene which falls outside the computed 95% confidence 
interval. The suggested hierarchy is set up to favor the 
Bensasson-Land values in this case. 

Of the 10 compounds in Table 5 with confidence inter
vals exceeding ±30%, most have small sample sizes. The 
sources of the large confidence intervals vary somewhat 
among the compounds. Over half of these compounds are 
aromatic hydrocarbons with sharp peaks that sharpen 
even further at low temperature. With the small sample 
sizes, our assumptions of normality and comparable ex
perimental variations vs. solvent variations may not hold 
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for these compounds. For example in the case of chrysene 
there are only 7 measurements. Of these, three are mea
surements in low temperature glasses and have E > 36000 
L mol-I cm -I. Another of the 7 measurements was an 
early107 measurement that seems unusually low at 8800 L 
mol- I cm- I

. For chrysene Chauvenet's criterion does not 
help because of the particular scatter of the data. Further
more there seems to be a well-founded physical reason for 
the scatter, namely sharper spectra at lower temperature, 
violating our assumption that temperature effects are 
comparable with experimental errors. 

Another of the 10 compounds with larger than ± 30% 
confidence intervals that is not well represented by the 
average E'S is ii-cis -retinal. Like the aromatic hydro
carbons, it has a large confidence interval. In addition 
some workers \08 believe in a common triplet state for 
some polyene trans and cis isomers. If this were so in the 
all-trans and iI-cis isomers of retinal, then ii-cis -retinal 
should have an E - 70000 L mol- I cm -I. This points to 
the two values 109 of 27000 L mol-I cm -I as either sus
piciously low or as showing unusual solvc:::nt c::ffc::cts. 

A word should be said about the decision to cut the 
recommended E'S to compounds with ± 30% confidence 
intervals. First of all, ±30% is roughly on the most pessi
mistic limits of reported "error" limits by the authors of 
papers reporting extinction coefficients. In fact rarely are 
error bars stated as being more than ±25%. However 
after spending much time evaluating the data, we tend to 
favor the more pessimistic estimates. In addition the aver
age E'S with confidence limits of less than ± 30% tend to 
fall close to or between the Bensasson-Land values in the 
last two columns of Table 5. 

As mentioned above the recomended hierarchy of val
ues is only tentative and is contingent on further work. It 
was hoped that further evaluation could be done using the 
principle that oscillator strengths do not change with 
solvent. Although this approach is promising, it is diffi
cult to carry out on a large scale because one must have 
complete spectra in each solvent. Another approach that 
seems more feasible is a global fit lOI using the recommen
ded values obtained to correct all the E'S obtaine4 from 
relative measurements. USing a consistent set of values as 
standards for the relative measurements should in itself be 
an improvement over the present analysis. 

5. Arrangement of the Data Table 

Table 6, the data table, contains over 3000 entries. 
These are grouped under the name of the compound to 
which they pertain. The compounds themselves are num
bered and listed alphabetically, with secondary attention 
being paid to numerical substituent locations. Common 
names are employed and we rely on the use of a com
pound name index, which contains both synonyms and 
inverted names, and a molecular formula index to help 
locate specific data. 

Multiple entries which occur for a particular com
pound are further ordered alphabetically by the solvent 
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name or abbreviation. Final questions of tabular pre
cedence are settled by appeal to the serial number ac
corded to each paper upon acquisition for our local bibli
ographic database. 11 

In addition to specifying the ambient medium, the "sol
vent" column reports, in parentheses, the temperature at 
which the measurement was carried out. If no tem
perature is shown then room temperature may be as
sumed unless otherwise noted in the comments. 

The slash (I) in the "method" column separates the 
excitation method from the extinction determination 
technique. An explanation of the abbreviations used for 
each is given below. Occasionally the only reported data 
has been obtained as an average of unquoted primary 
values from different methods. In this case both methods 
are included and separated by an ampersand. 

The third column contains the heart of the compilatiori: 
the .wavelength (s), Amax of maximum triplet-triplet ab
sorbance together with the corresponding extinction co
efficient(s), Emm where estimated. Multiple entries are 
presented in order of decreasing wavelength (Le. in in
creasing energy). We highlight the following use of two 
superscripts: 

Q implies that data have been obtained by computer
assisted digitization liD from a spectrum in the cited refer
ence, 

b implies that the (wavelength, extinction cOefficient) pair 
are not necessarily related to a spectral peak. 

Other superscripts are used as indicated in the footnotes. 
The fourth column, the "comments" column, collects 

information from a number of separate items in our data
base. In the table this construction is evidenced by the 
presence of semicolons (;) delimitating the items. Primary 
comments comprise an identification technique if re
ported. This is indicated by a preceding t. If this symbol 
is absent then no attempt to verify the nature of the tran
sient, other than by similarity to a previous measurement, 
is mentioned in the article from which the data have been 
taken. Other comments, such as relative intensities iIi mul
tiply peaked spectra, if stated or derived· from a figure in 
the original work are included next. When a comparative 
method has been used to determine the extinction coeffi
cient. the data relative to which· the estimation has been 
made (if reported) are present in a set form giving both 
wavelength and extinction coefficient of the standard em
ployed, as.well as the solvent in which these values were 
obtained. Details of any additional assumptions, such as 
triplet yields in the relative actinometry technique, which 
were made by the original authors to enable the com
parison, are also included. Further specification of, for 
example, the solvent system, e.g. ratio of mixture, etc. are 
then given together with any other information relevant 
to the evaluation of the data in the wavelength-extinction 
column. 

The remainder of the comment is constructed in a fixed 
format from entries for triplet state lifetimes (,..,8), pH of 
solution, half-life of transient (if second order processes 
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are present and unsubtracted), oscillator strength of re
ported transition, rate constant for energy transfer to (or 
from) the species indicated earlier in the comment and 
rise-time of the triplet-triplet absorption. We note here 
again that these associated data, while relevant to the 
study and characterization of triplet states in general, 
have not been subjected to a procedure of critical evalu
ation. 

The last column contains the serial number which may 
be used to locate the reference in the list provided sub
sequent to the table. 

5.1. Lists of Abbreviations 

We have made use of the following abbreviations in the 
body of the Table. These are mainly confined to the 
"Method" column though some do appear in the "Com
ments" column. 
a. Triplet State Population Method 

CWL Continuous wave laser excitation 
FP 
LP 
MOD 
PR 
PS 
-ET 

Fla~h photolysis 
Laser photolysis (pulsed) 
Modulated excitation (e.g. rotating sector) 
Pulse radiolysis 
Photostationary 
(coupled with energy transfer) 

b. Extinction Coefficient Estimation Method 
COM See comments 
EL T Electron transfer 
ESR Electron spin resonance intensity 
ET Energy transfer 
HAT Hydrogen atom transfer 
IV Intensity variation 
KM Kinetic method 
PIV Pulsed intensity variation 
RA Relative actinometry 
RF Constant oscillator strength 
SD Singlet depletion 
SM Partial saturation 
TD Total depletion 

Tn addition, to conserve space, a number of solvents 
and mixtures have been abbreviated. These are mainly 
confined to the "Solvent" column and are listed below. 

AOT Di-(2-ethylhexyl) sodium sulfosuccinate 
BuOH Butanol (isomer unspecified) 
I-BuOH I-Butanol 
tert-BuOHtert-Butyl alcohol 
DFMeOH Di(tritluoromethyl)methanol 
CT AB Cetyltrimethylammonium bromide 
CT AC Cetyltrimethylammonium chloride 
DDDAB Didodecyldimethylammonium bromide 
DMF Dimethyl formamide 
DMSO Dimethyl sulfoxide 
DODAC Dioctadecyldimethylammonium chloride 
DTB Dodecyltrimethylammonium bromide 
EP A Diethyl ether/lsopentane/ Absolute 

ethanol (5:5:2) 
EtOH Ethanol 

Et20 
MCH 
MeOH 
3-MH 
3-MP 
MTHF 

2-MTHF 
PFMCH 
PMMA 
PPFO 
PrOH 
I-PrOH 
2-PrOH 
PYA 
SDS 
SHS 
SPFO 
THF 

Diethyl ether 
Methylcyc10hexane 
Methanol 
3-Methylhexane 
2-Methylpentane 
Methyltetrahydrofuran (isomer 
unspecified) 
2-Methyltetrahydrofuran 
Perfluoromethylcyc1ohexane 
Poly(methylmethacrylate) 
Potassium perfluorooctylsulfonate 
Propanol (isomer unspecified) 
I-Propanol 
2-Propanol 
Poly(vinyl alcohol) 
Sodium dodecyl sulfate surfactant 
Sodium hexadecyl sulfate surfactant 
Sodium perfluorooctanoate 
Tetrahydrofuran 

5.2. Lists of Symbols 

The following symbols, used in the body of the text are 
collected here for convenience. 

a. Conversion probabilities 
<I> total luminescence yield 
<l>r quantum yield of fluorescence 
<l>T quantum yield for triplet state formation 
<l>r(A) quantum yield for triplet state formation in 

triplet energy acceptor, A 
<l>r(D) . quantum yield for triplet state formation in 

triplet energy donor, D 
<l>r(R) quantum yield for triplet state formation in 

reference compound, R 
<l>r(T) quantum yield for triplet state formation in 

unknown compound, T 
Ptr probability of triplet-triplet energy transfer 

b. Extinction coefficients 
EA extinction coefficient for ground (singlet) 

state of energy acceptor, A 
E~ extinction coefficient for excited (triplet) 

state of A 
En 

Es 

c. Intensities 
Ip(R) 

Ip(T) 

I 

extinction coefficient for ground (singlet) 
state of energy donor, D 
extinction coefficient for excited (triplet) 
state of D 
extinction coefficient for excited (triplet) 
state of reference triplet. R 
extinction coefficient for ground singlet 
state, S, of arbitrary molecule 
extinction coefficient for excited (triplet) 
state of unknown triplet, T 

intensity of sensitized phosphorescence 
from reference compound 
intensity of sensitized phosphorescence 
from unknown compound 
true transmitted light intensity 
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10 

lll. 
I.:, 
Ip 
.fp 
Is 

I' s 

illcicicn[ light intensity 
intensity of monitoring light 
incident intensity of monitoring light 
intensity of photolyzing light 
incident intensity of photolyzing light 
scattered light intensity in absence of 
excitation 
scattered light intensity in presence of 
excitation 

d. Miscellaneous 

x 

[M] 
[M]o 
[M]<I) 
[M1=o 
[M1=(' 

integrated -microwave absorbance of 
reference radical 
integrated microwave absorbance of triplet 
state 
optical path length (of monitoring beam) 
measure of distance on along monitoring 
path 
triplet state lifetime 
(excitation rate dependent) rise time of 
triplet-triplet absorption 
concentration of M 
concentration of M at time zero 
concentration of M at long times 
concentration of M at front face of cell 
concentration of M at rear of cell 

e. Molecular species 
'A singlet ground state of energy acceptor, A 
I A • singlet excited state of A 
2 A - radical anion of A 

triplet excited state of A 
singlet ground state of energy donor, D 
singlet excited state ofD 
triplet excited state of D 
singlet ground state of arbitrary molecule, 
M 
singlet excited state of M 
triplet excitt:d statt: uf M 
higher triplet excited state ofM, reached by 
TTA 
singlet ground state of solvent molecule. S 
singlet excited state of S 
radical cation of S 
radical anion of S 
triplet excited state of S 

f. Molecular states 
So molecular (singlet) ground state 
SI lowest excited singlet state 
Sn higher excited singlet state 
T 1 lowest triplet (excited) state 
Tn higher excited triplet state 

g. Optical densities 
OD optical density 
ODT OD ascribed to triplet state absorbance 
~OD change in OD on excitation 
~ODA change in OD of acceptor (triplet) 

extrapo)at~d to long times 
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change in OD of donor (triplet) 
extrapolated to time zero 
change ~n 00 due to isolated singlet decay 
change in OD due to isolated triplet growth 

h. Rate constants 
kA rate constant for acceptor triplet state 

deactivation 
ko rate constant for donor triplet state 

deactivation 

k ·" ISC 

rate constant for ET without acceptor 
excitation 
rate constant for triplet energy transfer 
rate constant for ground state photo
excitation 
rate constant for excited state photo
excitation 
rate constant for internal conversion in the 
singlet manifold 
rate constant for singlet to triplet inter
system crossing 
rate constant for triplet to singlet inter
system crossing 
rate constant for T1 to Sl intersystem cross
ing 
rate constant for phophorescence 
rate constant for photochemistry from S) 
rate constant for photochemi~try from TI 
rate constant for singlet state deactivation 
rate constant for triplet state deactivation 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases 

No. Solvent Method Amu, Emu Comment Ref. 
/nm /L mol-I em-I 

1. AHnapbthene 
Benzene LP-ET 422 tTriplet ET from acetophenone 82A292 
BtOH (293 K) FP 433 68E098 
EtOH (77 K) MOD/KM 430,6000 ± 1500 737055 

2. Aceruipbthylene, cis-pbotodimer 
Benzene (293 K) LP-ET 455 tOxygen quenching and triplet ET from benzo- 82A292 

phenone and acetophenone; 'TT = 2.2 /Jos 

3. Acenapbtbylene, trans-pbotodlmer 
Benzene (293 K) LP-ET 4" ,Triplet BT Crom acc::tophenone; TT = 0.12 fJ-l> 82A292 

4. l~Acenapbtbyl~i-pbeDylethylene 
Benzene LP-ET 5021 tTriplet ET from xanthone and oxygen quenching; 84B007 

4248 TT 0.087 JLS 

5. l' -Acetonapbthone 
Water/tert-BuOH FP SUY' Solvent mixture contains "1-5%" tert-BuOH for solu- 767189 

bility; very broad diffuSe band; pH - 6 

6. .2 ' -Acetonapbthone 
Benzene PR/ET 430, 10500 e relative to bcn2;Ophellone ketyl ra.dical in cy- 71B360 

clohexane (Emu = 3700 L mol-I cm- I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyc10hexane to 
benzene c ...... ratios of 1.83 for naphthalene and L4S 
for anthracene 

Heptane LP 424 Most intense peak at 424 nm 78A268 
404 
384 

Water/tert-BuOH FP 44{)Il Solvent mixture contains "1-5"" tert-BuOH for solu- 767189 
bility; shoulder at 420 nm; pH -6 

7. Ac;etonc 

Acetonitrile (296 K) FP -302 tPhosphorescence decay; 'TT = 47 ± 6 ,...S 717489 
Liquid paraffin FP 324 Solvent viscosity was 0.19 N·s/m2 58EOOI 
Methylene chloride LP 240 ,Phosphorescence decay and oxygen quenching; TT 840051 

= 6.3 "'s: 
Water LP/ET 3()()b, 600 ± 100 E relative to sodium 1,S-naphthalenedisulfonate in 82B045 

water (445 = 9900 L mol-I em-I); kinetic correction 
made in ET me,asurementj 'TT = 5.0 ,...s; ket = 3.6 X 
109 L mol-I S-I 

8. Acetophenone 
? (81 K) FP/SD 330, 1300 fPhosphorescence decay; glass was either 1:3:3 77B022 

I-mcthylPrOH to EtlO to isooctanc or 1;9 MCH to 
mixture of EtOH and MeOH; TT = (1 ± 0.1) X 104 

#J.S 
Acetonitrile LP/RA 32OS, 126()()8 E relative to benzophenone in cyclohexane (Em = 737198 

7630 L mol-I em-I, assuming no !IOlvent effect from 
benzene), and taking all the triplet yields to be unity 

Cyclohexane LP/ET 449B, 1800" ,Oxygen quenching, triplet ET to naphthalene, and 717179 
406a,2100' quenching by piperylenej E relative to naphthalene in 

cyclohexane (E412.S = 22600 L mol-I cm- I); 'TT = 
0.23 #J.S 

CycJohexane LP/RA 441-, 1900' E relative to benzophenone in cyclohexane (E533 737198 
401-, 2100" 7630 L mol-I em-I, assuming no solvent effect from 

benzene), and taking all the triplet yields to be unity; 
there was a more intense maximum < 300 om 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

EtOH LP/ET&RA 

Liquid paraffin FP 

Water FP 
Wi1lt:I LP/RA 

9. Acetophenone, conjugate acid 
Sulfuric acid LP 

10. 2-Acetoxy-2-methyl-l-phenyl-l-propanone 
Benzene LP 

Cyclohexane 

II. Acetylacetone 
ElOHlMcOH (118 K) 

12. l-AcetylanthrBcene 
EtOH (93 K) 

13. 9-AcetylanthrBcene 
? (81 K) 

Acetonitrile 
EPA (77 K) 
Toluene 

14. 4-Acetylbiphenyl 
? (81 K) 

LP 

FP 

PS 

FP/SD 

LP 
FP 
LP 

FP/SD 

"-max, Emu 

Inm IL mol-I cm- I 

323",6300· 

281.5 
265 
335 
337", 13100' 

440 
410 
330 
440 
410 
330 

480 

500 

426,20000 

421" 
429 
410 

435, 130000 

15. 3-Acetyl-9,lO-epoxy-9,10-dihydrophenanthrene 
1.'1-ni~hlO1"nethllnf' I.P 3QS 

16. N -(2-Acetylpbenyl)acetamide 
EtOH LP 

Hexane 
Water 

17. N -(l-Acetylpbenyl)fOrmamide 

LP;TD 
LP 

EtOH LPIRF 

J. Phys. Chern. Ref. Data, Vol.1S, NO.1, 1986 

430 

450,8900 
430 

450,9000 

Comment Ref. 

E relative to naphthalene in cyclohexane (Em.s = 22600 717179 
L mol-I cm -I), assuming no solvent effects, for ET 
method; E relative to benzophenone in benzene (ES32.S = 
10300 L mo}-I cm- I), assuming no solvent effects and 
taking 4>-r(acetophenone) = 1 = 4>-r(benzophenone), 
and E relative to benz[a]anthracene in cyclohexane (E480 

= 25100 L mol-I em-I), assuming no solvent effects 
and taking 4>y(acetophenone) I and 
4>y(benz[aJanthracene) = 0.82, for RA method; there 
was a shoulder at -49.5a nm.; TT = 0.14,...s 
Solvent viscosity was 0.03 N.s/m2 .58EOOl 

TT = - 100 ,...S 727098 
~ £Chllivc lo bcll~ophcnollc ill cyclohc.lUUlC (~m = 7630 737198 
L mol-I em-I, assuming no solvent effect from ben-
zene), and taking all the triplet yields to be unity 

5 mol L -I H2So.~; solvent was 4: 1 water to acetonitrile; 84£456 
pKa 0.63 ± 0.07 

,Phosphorescence decay, oxygen quenching (1.6 X 109 80E642 
L mol-1 S-I); relative intensities (3:3:1O); TT = 1.9 ± 
0.2,...s 
.Phosphorescence decay. oxygen quenching: relative 80E642 
intensities (3:3:10); TT = 1.9 ± 0.2 J.C.S 

Solvent W!IS 3;1 EtOH to McOH 

lPhosphorescence decay; glass was either 1:3:3 
I-methylPrOH to Et20 to isooctane or 1:9 MCH to 
mixture of EtOH and MeOH; TT = (2.8 ± 0.3) X 104 

,...S 
Delay 320 ps 
TT = 2.9.5 X lot,...s 
lOxygen quenching; rise time of 0.02 ± 0.004 ns 

68BOOS 

66BOOI 

77B022 

84BI54 
82E338 
777635 

lPhosphorescence decay; glass was either 1:3:3 77B022 
l-methylPrOH to Et20 to isooctane or 1:9 MCH to 
mixture of EtOH and MeOH; TT = (1.7 ± 0.2) X lot 
,...S 

tOxygen quenching 

lOxygen quenching (5.6 X 10' L mol-I 5-1); TT = 10 

IJ.S 
TT = 8.5 ,...s; oscillator strength =0.18 
*Oxygen quenching (2.2 X 109 L mol-I S-I); ionic 
strength 0.01 mol L -I; 'TT = 6.5 ,...s; pH 7.5 

79AI77 

7SE308 

78E308 
78E308 

lOxygen quenching (2.2 X 109 L mol-I S-I); E relative 78E308 
to N-(2-acetylphenyl)fonnamide in hexane (E450= 
8100 L mol-I cm -I) assuming oscillator strength inde-
pendent of solvent; TT = 10 IJ.S 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method 

Hexane LP/TO 
Hexane PR-BJ'/RA 

Water LP 

Water LP 

N .(l-Acetylphenyl)-N .methylacetamide 
BtOH LP/RA 

Hexane LP 
Hexane PR·BT/RA 

Water LP 

N '(l·Aeetylphenyl).N .methylformamide 
l·PrOH 
BtOH 

Hexane 
Hexane 

WatE'r 

3·Acetyltriptycene 
Cyclohexane (289.5 K) 

N ·Acetyl.t.-tr'yptopbanamide 
Water 

Aeridan 
EtOH (93 K) 

Acridine 
2-PrOH 

Acetonitrile 

Argon (13 K) 
Benzene 

Benzene 
Benzene 

LP 
LPIRA 

LP 
PR-BT/RA 

LP 

LP 

LP 

PS 

LP 

LP 

CWL 

FPITD 

FP/SO 
PR/ET 

Amu, Emu 

Inm /L mol-I cm- J 

450,6500 
450, 8100 

450 

450 

430, <1100 

420 
420, 1200 

430 

445 
445, <1100 

420· 

420, 8S0 

44S 

550 

460 

520 

983 ± 5 
440 ± 1 
978 ± 2 
434 ± 1 
425.1 
520", 2000" 
440,25000 
435, 12000" 
375-,3(}()()A 

3SS·, 10000-
34QA, 7000" 
44O,80000c 
440,24300 

Comment Ref. 

78E308 
tTriplet ET from benzene; E relative to naphthalene in 78E308 
hexane (Emu = 24500 L mol- I em-I) assuming same 
ET rate from benzene; 'TT = 7.7 !J.S; osciJlator strength 
= 0.18 
tOxygen quenching (3 X 109 L mol-I S-I); ionic 78E308 
strength 0.01 mol L -I; 'TT = 4.1 J.l.s; pH 7.5 
TT 7 J.l.s; pH 6.5 78E308 

E relative to naphthalene in hexane (<I>T = 0.8, fmu = 
24500 L mol- I em-I) taking cJ>T = 0.6 for N-(2-
Acetylphenyl)-N -methylacetamide in EtOH; 1'T = 0.2 
p.,s 
'TT = .0.2 J.l.s 
,Triplet ET from benzene; E relative to naphthalene in 
hexane (E:......., 24500 L mol- I em-I) assuming same 
ET rate from benzene; TT = 0.2 ,",,8; oscillator strength 
= 0.02 

78E30S 

78E308 
7SE308 

,Oxygen quenching (6 X 108 L mo]-l S- I); ionic 78E308 
strength 0.01 mol L- 1; TT 7 f.LS; pH 7.5 

TT = 0.3 fLS 
E relative to naphthalene in hexane (<I>T = 0.8, Emu = 
24500 L mol- I em-I) taking CPT = 0.6 for N-(2-
Acetylphenyl)-N -methylformamide in BtOH; TT 

0.6 fLS 
TT = 0.2 fLS 
tTriplet ET from benzene; E relative to naphthalene in 
hexane (Emax = 24500 L mol- I em-I) assuming same 
ET rate from benzene; TT 0.2 ,""s; oscillator strength 
= 0.02 
tOxygen quenohing (5.2 X 108 L moJ-1 3-1); ionic 

strength 0.01 mol L -I; TT = 8.S J.l.s; pH 7.5 

Buffered; pH 7.0 

Shoulder at 580 nm 

78E308 
78E308 

78E308 
78E308 

7813308 

&3E4R3 

81A232 

69E214 

83E392 

83E392 

Iufnuc\l vibnll.iumd ~lru\,;lure alliO ubserved 79B043 

Uncertain correction of estimated peaks for SO; 'TT = 677498 
10· p.,s 

Delay 93""s 
E relative to benzophenone ketyl radical in cy
clohexane (Emu = 3700 L mol- I em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben
zene Emu ratios of 1.83 for naphthalene and 1.45 for 
anthracene 

677259 
71E36O 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Ema. Comment Ref. 
Inm IL mol-I cm- I 

Benzene FP/TD 442,27000 776258 
Benzene (296 K) LP 990 Shoulder at 415 nm 81EI47 

8708 

7818 

699" 
518" 
440 

Benzene LP 980 ± 2 83E392 
442 ± I 

CCl4 LP 981 ± 2 83E392 
442 ± 1 

Cyc10hexane PR/ET 432.5, 26300 E relative to biphenyl in cyclohexane (E361.3 = 35400 L 680727 
mol- 1 em -I); author reported mean of 2 measurements 
(this one and another with a different ref. cmpd.) as 
28800 ± 7200 L mol-I cm- I 

Cyc10hexane PR/ET 432.5, 31300 E relative to naphthalene in eyclohexane (E4I2.5 = 22600 680727 
L mol-I cm -I); author reported mean of 2 mea-
surements (this one and another with a different ref. 
cmpd.) as 28800 ± 7200 L mol-I em-I 

Cyc10hexane PR/ET 432.5, 31500 E relative to benzophenone ketyJ radical in cy- 71E36O 
clohexane (Emax = 3700 L mol-I em -I); reference E 

obtained by starting from Emu = 3220 L mol-I em-I 
for this ketyl radical in water and assuming the f of the 
ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds 

EtOH FP 440 Broad absorption < 290 nm also assigned to triplet; a 66A003 
band at 520 nm, which had been assigned to the triplet 
in water [61E008), was seen to decay at a different rate 
and was not assigned to the triplet in EtOH 

EtOH FP/ET 440, 18500 Triplet ET from eosin and proflavine; E relative to 716235 
424b,8900 eosin in EtOH (£580 = 9400 L mol-I em-I) and pro-

flavine in EtOH (Esso = 11000 L mol-I em-I) 
EtOH FP 985 Most intense peak at 440 nm 776227 

870 
778 
440 

EtOH LP/ET 440,22500 £ relative to Methylene Blue cation (£860 = 27000 L 78E394 
mol- 1 0m -I); solvent and temperature llSSlumed; 'TT "'" 

141l-s 
Hexane LP 435 145 ps delay 79B007 
Hexane LP 980 ± 2 83E392 

430 ± 1 
Hexane LP 433 Delay 320 ps 84B154 

407 
Isooctane LP 430 A band was also observed at 511· nm, but a similar 767261 

408" band at 530 nm in MeOH was assigned to a precursor 
of the triplet state; rise time of 0.01 ns 

MeOH LP 983 ± 5 83E392 
438 ± 1 

PMMA (77 K) PS 440 Band seen at 480 nm and was attributed to a photo- 70E291 
420 product 

PMMA (293 K) FP 438 TT = 1.9 X 104 p.s 70E291 
418 

PMMA FP 980 Shoulder at 424 nm; 441 nm peak 10 times more intense 82E561 
863- than any other peak 
776a 

702a 

480a 
-441A 

PYA FP 980a Most intense peak at 450 nm; TT = 23.8 X 103 #J-S 776227 
870a 
780a 
4Soa 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax, (max Comment Ref. 
Inm IL mol-I em-I 

Water FP 443 pKb = 8.4; a peak reported at 520 nm was Jater 61EOO8 
[66A003] shown to decay at a different rate than the 
440 nm peak in EtOH; pH Basic 

Water (296 K) FP-ET/ET 443, 14500 *Triplet ET from naphthalene-l,5-disulfonate; £ rela- 80B057 
live to proflaVine conjugate acid in water (£549 = :;700 
L mol-I em-I); TT = -450 J-ts; pH 10.86 

Water FP/TD 443 £ method assumed from text; pH 12.0 80FOOI 
353b,7000 

Water (296 K) FPIET 880 (relative to proflavine in water (£549 = 8000 L mol-I 81E147 
443,20000 ± 2000 em-I); pH Basic 

Water LP 8558 Most intense peak at 441 nm; pH 12.7 81E552 
7468 

6948 

510" 
441" 

Water (296 K) FP/TD 880, 1800" Shoulder at 420 nm; pH Basic 81E147 
753·, 1100" 
6898,730" 
6578,470-
521 8

, 1500s 
443, 19400 ± 1400 

Water LP 983 ± 5 pH -13 83E392 
8628 

775· 
658" 
443 ± 1 

terr-BuOH FP/TD 436,26000 776258 

24. Acridine-d9 
Benzene FP/TD 442,26000 776258 
Fluorene-dB (240 K) MOD 450 Single crystal 83F334 

25. Acridine .Orange, conjugate monoacid 
EtOH FP/TD 490, 135000 pH Acidic 727073 
EtOHlEt20 (90 K) PS/SD 1270, 54000" Solvent was 2: 1 EtOH to Et20 57B001 

1 05oa, 16()()oa 
645, 10500s 
540, looooa 
390,4000" 
285,57000a 
245, 18000s 
205, 16()()oa 

Glycerol (293 K) FP 670" Solvent has added glucose 776171 
620" 
580" 

MeOH FP/TD 610,9400 pK.(MeOH) = 11.2; TT = 105 J.tSi pH Acidic 79E219 
560,9200 

PMMA (77 K) PS 12088 Relative intensities (10:3:3); shoulders at 109()A and 69B007 
6548 10028 nm; solvent contains 2-chloroethanol; pH 4.0 
5498 

Water FP/TD 530,9500 TT - -3000 fA-&; pH 3 747187 

480, 14000 
280,35000 

26. Acridine Orange, free base 
EtOH FP/TD 410,42000 pH Basic 727073 
MeOH FP/TD 550,7800 TT = 285 p.s; pH Basic 79E219 

410,39900 
PMMA (193 K) PS 530 Shoulders at 630 and 545 om 59BOOI 
PMMA (77 K) PS 1210 65BOO4 

1100 
1020 
650 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

============================================================================~~~ 
No. Solvent Method AmllJl , f max Comment Ref. 

Inm IL mol-I cm- 1 

---------------------------------------------------------------------------------------------------
Water FP/TD 

27. Acridine Yellow, conjugate monoacid 
Boric acid (77 K) PS 

Glycerol (293 K) FP 

PMMA (77 K) 

28. Acridinc, conjugotc acid 

Water (296 K) 

Water (296 K) 

29. 9(lOH)·Acridone 
Benzene 

F.tOH (UlO K) 

Pyridine 

30. Acriflavine cation 
EPA (77 K) 

Glycerol (293 K) 

MeOH 

PMMA (193 K) 

PMMA (77 K) 

PMMA (77 K) 

31. Alloxazine 
EtOH 

Water 

Water 

Water 

PS 

FP·ET/ET 

LP-ET/TD 

LP/ET 

FP 

LP 

PS 

FP 

FP/TD 

PS 

PS 

PS 

LP/SO 

LP 

LP 

LP/RA 
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550,7000 
410,37000 
270,40000 

1000 
620 
660" 
55QB 
loooa 

490,5500 

770 
490, 7700 ± 800 

620,37800 

580 
310 
605· 

640 
S40 
620" 
550" 
620,8600 

555 
530 
1300 
1190 
1080 
940 
800 
650 
1060" 
679" 
54J& 

500, 13000 
438a 

550 
420 
560 
420 
550,7000 
400", 12600" 
275·, 28()()()" 

tTriplet ET to acridine; neutral form; an absorption 71 aOO2 

was observable out to 900 nm; TT = 3.3 X 103 itS; pH 
12 

65aOO4 

Solvent has added glucose 776171 

Shoulders at 575" and 532a nm; solvent contains 69aOO
7 

2-chloroethanol; pH 4.0 

tTriplet ET from naphthalene-l,5-disulfonate and to Soa0
57 

Methylene Blue; f relative to proflavine conjugate 
acid in water (ES49 = 5700 L mol-I cm -I); pKa 5.6; 
'rT - 670 ,",El; pH 1.0 
tTriplet ET from disodium naphthalene-I,5- 81£147 
disulfonate; pH Acidic 

tTriplet ET to anthracene, oxygen quenching; E rela- 76637
7 

tive to anthracene in benzene (E430 = 45500 L mol-I 
cm- I

); 'TT = 20 Its 
81£649 

tTriplet ET to anthracene; H-bonded species; TT = 3.3 76637
7 

JJ.S 

lPhosphores.cence decay; EPA was 8:3:5 Et20 to iso- 63F021 
pentane to EtOH; "trypaflavine" 
Solvent has added glucose 776171 

Peak at 490 nm obscured by singlet absorption (au- 798219 
thors); 'TT = 110 its; pH Basic 
Shoulders at 650 and 505 nm 

59BOOI 

65BOO4 

Relative intensities (10:3:3); shoulder at 9528 nm; sol- 69BOO7 
vent contains 2-chloroethanol; pH 4.0 

tPhosphorescence decay at 77 K; 438 nm peak may be 737439 

distorted by SO; TT = 13 IJ.s 
tOxygen quenching; TT = 9 JJ.S; pH 2 

lOxygen quenching; 'TT = 9 its; pH 6 

tOxygen quenching; energy transfer to oxygen; life
time measured at S60 nm; E relative to anthracene in 
cyc10hexane (cPT = 0.71, Em = 64700 L mol-I em-I) 
and using cPT == 0.31 for alloxazine in water; shoulder 
around 360 nm; TT = 9.1 /J-S; pH 2.2; ket = (1. 7 ± 0.2) 
X 109 L mol-I S-I 

737439 

777617 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am ... , Em"" Comment Ref. 
Inm IL mol-I cm- I 

32. Amiloride 
Water LPIET 400,6300 tTriplet ET from benzophenone; pH was not specified 84A227 

and the pK. of the triplet was not determined so the 
state of protonation of the triplet is uncertain; E relative 
to benzophenone in water (E520 = 5800 L mol-I cm- I); 
'TT = 40 JLS 

33. 9-Aminoacridine 
Water LP 885" Most intense peak at 476 nm; pH 12.7 81E552 

826" 
794" 
476" 

34. l-Amin0-4-anilinoanthraquinone 
Benzene PR-ETIET 550,27000 tTriplet ET from biphenyl; E relative to biphenyl in 761122 

benzene assuming ground state dimerization; 'TT = 8.3 
J.IS; ET = 123 - 151 kJ mol-I; ke\ = 3.3 X 109 L mol-I 
S-I 

35. 2-Aminoanthracene, conjugate acid 
Waterl Alcohol FP 424 Solvent was 1:1 water to alcohol; pK. 3.3; pH 1.25 68B008 

400a 
36. l-Aminoanthraquinone 

Benzene PRIET 5S0b, 2000 tTriplet ET from triplet donors and triplet ET to trip- 720392 
let acceptors; E relative to naphthalene in benzene (Em 
= 13200 L mol-I cm-I); 'TT = 5 p.s 

37. 2-Aminoanthraquinone 
Benzene PR/ET 599", 7140" tTriplet ET from triplet donors and triplet ET to trip- 720392 

let aCceptors; E relative to naphthalene in benzene (Em 
= 13200 L mol-I cm- I); 'TT = 5 JLS 

38. 6-Amino-7 H -ben.z[de )anthracen-7-one 
2.PrOH LP 6) ()II Shoulder at 540 nm; half-life = 3.7 ± 0.2 JLS 757427 

570-
515-

Benzene LP 617" tOxygen quenching (1.2 X 109 L mol- 1 S-I); half-life 757427 
579· 2.3 ± 0.1 ,",S 
54QA 

39. 2·Aminobenzoic aeid 
EtOH (93 K) PS 472" Shoulder at 435a nm 66BOOI 

395· 

40. 4-Aminobenzoic add 
EtOH (93 K) PS 412& 66BOOl 

3M-

41. 3-Aminobenzopbenone 
Propylene glycol (203 K) FP 561· tPhosphorescence decay 67E105 

4SS· 

42. 4-Aminobenzopbenone 
Propylene glycol (203 K) FP 638& fPhosphorescence decay 67EI05 

466a 

43. 4-Aminobiphenyl 
ToluenelEtOH (77 K) MOD 438& Glass was 19:1 toJuene to BtOH 719059 

44. 2·Aminotluorene 
EtOH/EtzO (77 K) MOD/KM 425, 10600 ± 4200 Glass was 2: 1 EtOH to Et:zO: temperature was not 719059 

explicitly stated, but 77 K was inferred from the con· 
text 

Toluene/EtOH (77 K) MOD 430- Glass was t 9: 1 toluene to BtOB; shoulder at 466· 719059 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 11.88 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "-max, Emax 

/nm /L mol-I em-I 

45. l-Amino-4-hydroxyanthraquinone 
Benzene PR-ET /ET 500,28000 

46. 4-Amino-4' -bydroxybipbenyl 
EtOHlEtzO (77 K) MOD/KM 425, 24000 ± 9600 

Toluene/EtOH (77 K) MOD 

47. 2-Amino-3-(4-methoxy-6-benzothiazolyl)propionate ion 
Water LP/ET 370,8000 

Water LP/TD 

48. l-Amino-4-(N -methylamino)anthraquinone 
Benzene PR-ET lET 

49. 7-Amino-4-methyJcarbostyriJ 
EtOH FP/ET 

50. 3-Amino-N -methylphthaiimide 
Benzene FP 
EtOH FP/TD 
Water FP 

51. 4' .Aminometbyl-4,5' ,S.trimethylpsoralen 
EtOH LP/ET 

52. l-Amino-7-nitroOuorene 
EPA (77 K) PS 

53. 1.Amin04-nitronapbthalene 
Benzene LP 

EPA (77 K) PS/KM 

PMMA FP 

PMMA (123 K) FP 
PYA (123 K) FP 

54. trans-4-Amino-4' ·nitrostilbene 
Glycerol triacetate LP 
Glycerol triacetate LP 
(198 K) 

55. N -[2-(3.Amino.t.oxopropyl)phenyl]formamide 
EtOH LP 
Water LP 

J. Phy •• Chern. Ref. Data, Vol. 15, No.1, 1986 

370,5000 

575,27000 

6OOb
, 46200 ± 4500 

430b
, 7050 ± 700 

350\ 28800 ± 2900 

450 
495,1100 
540 

46Q8.24200 

770",570" 

470 

650,2730 ± 135 
480, 7500 ± 375 
440, 28000 ± 14000 
665 
470 
665 
695· 

772 
760 

460 
435 

Comment Ref. 

tTriplet ET from biphenyl; E relative to biphenyl in 761122 
benzene assuming ground state dimerization; 'TT = 6.7 
ILs; ET = 123 - 176 kJ mol-I; k et = 3.0 X 109 L mol-I 
S-I 

Glass was 2:1 EtOH to Et20; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 
Glass was 19:1 toluene to EtOH 719059 

tOxygen quenching and triplet ET to crocetin; E rela- 84A024 
tive to crocetin in water (E470 = 75000 L mol-I em-I); 
E considered an upper limit; TT = 64 ,""s; pH 13; ke, = 
1.7 X 1010 L mol-I 8- 1 

tOxygen quenching and triplet ET to crocetin; E con- 84A024 
sidered a lower limit; pH 13 

tTriplet ET from biphenyl; E relative to biphenyl in 761122 
benzene assuming ground state dimerization; 'TT = 3.6 
p.s; ET = 97 - 123 kJ mol-I; ket = 4.2 X 109 L mol-I 
S-I 

£ relative to anthracene in EtOH (£420 = 75000 L 747049 
mol-I em-I); there were no distinct maxima between 
350 and 600 nm; k et = (1.4 ± 0.5) X 1010 L mol-I S-I 

Lifetime limited by aeration; 'TT = 0.260 IJ-s 
Lifetime limited by aeration; 'TT "'" 0.920 /-11l 

Lifetime limited by aeration; 'TT > 1 ,.,.s 

757522 
757522 
757522 

tTriplet ET to retinol: E relative to retinol ((ref un- 80E156 
specified); quenched by ground state (109 L mol- 1 S-I); 
'TT = 100 IJ-S 

78E057 

tOxygen quenching (2.0 X 109 L mol-I S-I); TT = 1.5 776195 
IJ-s 
tPhosphorescence decay; 'TT = (1.88 ± 0.11) X lOs ,""S 78E057 

RclCllive iUleJlsilies (2;.5) 

tPhosphorescence decay; 'TT = t.5xlOs IJ-s 

776195 

776195 
776195 

78BOSg 
78B088 

tOxygen quenching (3 X 108 L mol-I S-I); 'TT l,""s 78E308 
tOxygen quenching (2 X 109 L mol- I S-I); ionic 78E308 
strength 0.01 mol L -I; 'TT = 3.4 ,.,.s; pH 7.5 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em"" Comment Ref. 
Inm IL mol-I cm- I 

56. '-Aminopbenanthrene 
ToluenelEtOH (77 K) MOD 4738 Glass was 19: 1 toluene to EtOH; shoulder at 431 a nm 719059 

57. l-Amino-4-[3H]ptericlinone 
Water LPIHAT 550,2000 tOxygen Quenching (1.3 X 109 L mol-I 8- 1); hydrogen 81E151 

385b
, 2770 abstraction from guanosine; E~so relative to semire-

3~,47()()B duced radicaJ in water (E480 = 2300 L mol -I cm -I); Em 

325b, 3780 and Ens are at isosbestic points in difference spectrum; 
400 ns delay; TT = 2.3 ± 0.2 J.Ls; pH 9.2 

Water LP 460 400 ns delay, pK. = 9.5-10; TT = 0.5 J.LS; pH 12 glEI51 
Water LP 600 100 ns delay; TT = 0.3 J.LS; pH 9.2 81E151 

415 

58. l-Aminopurine 
Acetonitrile (300 K) FP 430 fOxygen quenching and quenching by 2,4-hexadienol; 756270 

TT = 83 ± 10 J.LS 
Water (300 K) FP 405 tOxygen quenching and quenching by 2,4-hexadienol; 756270 

TT = 55 ± 4 /LS 

59. l-Aminopyridine 
2-PrOH (163 K) FP 390" tphosphorescence decay; TT = -1.8 X 103 J.Ls 78E062 
EPA (107 K) FP 390 tPhosphorescence decay; TT = -2.6 X 103 J.LS 78E062 

60. 4-Aminopyridine 
EPA (103 K) FP 395 tPhosphorescence decay; TT = -4.0 X 104 j.LS 78E062 

61. Auiline 
EPA (77 K) FP 42()1 tPhosphorescence decay; 320 nm was the more intense 69E215 

320" peak 

62_ t -AnilinnnSlphthAlene 
Cyc10hexane LP 550 77E543 
MeOH/Water LP 580 *Quenching by oxygen and trans-stilbene 82E359 

63. Anisole 
Water LP 252" Lifetime was measured at pH 7.5; there was a broad 757161 

maximum between - 350 and -430 nm; shoulder at 
279" nm; spectrum is the difference between spectra at 
20 ns and IS j.LS; TT = 3.3 ± 0.2 J.LS; pH 8.5 

64. Anthracene 
Acetonitrile FP 438& Relative intensities (2: 1); solvent contains dimeth- 78A324 

4()()& ylmercury 
Anthracene PR 630" Triplet exciton 80E230 

610" 
570" 
54()& 

Benzene FP 430 58EOO2 
Benzene FP 430 A value was given for an "integrated extinction coeffi- 6OE005 

cient" of 35000, but no details were provided; TT = 
2900 ,""S 

Benzene PRIET 427.5, 71500 E relative to benzophenone in benzene (Em.s = 10300 690087 
L mol- I cm-I) 

Benzene PR/ET 427.5, 61300 E relative to naphthalene in benzene (Em"" = 17500 L 690087 
mol- I em-I) 

Benzene PR/ET 430,45500 E relative to benzophenone ketyl radical in cy- 71E360 
408", 15600" clohexane (Emu = 3700 L mol- 1 em-I); E obtained 
391&, 37()()B from a simultaneous least squares fit of data from 

several compounds making use of cyc10hexane to ben-
zene Em"" ratios of 1.83 for naphthalene and 1.45 for 
anthracene; AID&X originally quoted as 432.' nm but cor-
rected in [757282] 

Benzene PR 427.5 720206 
Benzene FP/SD 428.5, 53000 ± 1900 E method assumes linear variation of triplet spectrum 767147 

in SD region 

J. Phys. Cham. Raf. Data, Vol.1S, NO.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

Benzene 
Benzene 

Benzonitrile 

Benzophenone (77 K) 

Benzophenone(77 K) 

Benzophenone (303 K) 

Bromobenzene 
Bromobenzene 

CTAB 
Chlorobenzene 
Chloroform 
Cyclohexane 
Cyclohexane 

Cyclohexane (77 K) 

Cyclohexane 
Cyclohexane 

Cyc10hexane 

Cyclohexane 

Cyclohexane 
Decalin 
Dioxane 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 

Method 

LP/SD 
LP/ET 

LP/RF 

PS-ET 

PS 

PR 

FP 
FP 

LP 
FP 
FP 
FP 
PR/ET 

PS 

PR 
PR/ET 

FP/SD 

LP/RF 

LP/SD 
FP 
PR 

PS/IV 

PS/SD 

PS/KM 

PS/IV 

FP/SD 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Amax , Ema• 

Inm IL mol- I cm- I 

431, 69000 
431,42000 ± 4000 

429",24000 ± 1500 
405\ 10200' 
441 
415 
442.5 

435 

436 
439 

420 
431 
430 
425 
420,57200 ± 14300 

468.2 
431.0 
425.2 
418.1 
402.0 
381.0 
316.5 
427.5 
422.5, 64700 
4028 , 19&00· 

422.5, 85700 ± 3200 

423, 52500 

423,69500 
430 
425 
410 
427, 2800c ± 130 

427.0, 45000 
404.0, 12000 
516", 1600" 
497·, 800· 

481a, 2100· 
467·, 1300· 
428·, 52800a 

40'·, 14100· 

427,58000 

427.3, :>90000 

Comment Ref. 

E is upper limit (authors) 80B090 
tTriplet ET from benzophenone; E relative to benzo- 80B090 
phenone in benzene (Em = 7200 L mol- I em-I); ket = 
0.49 X 109 L mol- 1 S-1 

E relative to anthracene in toluene (Em.5 = 42000 L 83F075 
mol- I em-I) 
Relative intensities (1:1); sample was a single crystal 64B005 

Single crystal; from polarization measurements, the 
442.5 nm band was assigned 3B3g +- 3B lu; the TI +- So 
absorption of benzophenone starting at 413.4 nm ob
scured the shape of the second T -T band of anthracene 
Solution; triplet ET from benzophenone; ke' = (1.6 ± 
0.1) X 109 L mol- I S-I 

Half-life = 430 ± 50 I-'-s 
A value was given for an "integrated extinction coeffi
cient" of 32500, but no details were given; TT = 1590 
,""S 

Aqueous micelles 
Half-life = 790 ± 150 ,""S 

TT = 160l-'-s 
E relative to benzophenone ketyl radical in water (Em.s 
= 3220 L mol- I em-I), assuming this value for ES42.S in 
cyc10hexane 

E relative to benzophenone ketyl radical in cy
clohexane (EIII~A 3700 L mol- I em-I); reference E 

obtained by starting from Em.. 3220 L mol-I cm- I 

for this ketyl radical in water and assuming the f of the 
ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds; shoulder at 38Sa nm; Am.. origi
nally quoted as 425 nm but corrected in [757282] 
E method assumes linear variation of triplet spectrum 
in SD region 
E relative to anthracene in benzene (E431 = 42000 L 
mol- I em-I) assuming oscillator independent of so]
vent 
E is upper limit (authors) 
TT = 263U I-'-s 

68BOO4 

700114 

58E002 
60E005 

83N082 
58EOO2 
58E002 
62EOO9 
680727 

69E211 

710617 
71E360 

767147 

80B090 

80B090 
60BOO:5 

650006 

tPhosphorescence decay; E is too low; lst transition 5tEool 
assigned as lLa --l> 'Cb 

E'S are lower limits; TT = < 1 X lOs I-'-s 54BOOI 

Solvent, temperature and extinction method assumed 69E213 
from eurlier work; polarization also measured 

Amax assumed from previous work; E estimated by ex- 69E212 
trapolation to infinite excitation rate 

69F389 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol-I cm- J 

Epoxy plastic (296 K) LP 420 68605& 
390 

EtOH FP 420.0 7T = 150 ± 45 J.Ls 54EOOl 
398.0 

EtOH (93 K) PS 427 Relative intensities (10:3) 66Bool 
403 

EtOH FP/ET 44Ob,23oo Triplet ET from eosin and proflavine; E relative to 716235 
426b

, 21000 eosin in "EtOH (£S80 = 9400 L mol- 1 em-I) and pro-
424\ 36000 flavine in EtOH (Esso = 11000 L mol-I em-I) 
421.52000 
420b, 49000 

EtOH FP/SD 420, 75000 ± 5000 7T = 3000 ± 2000 ILs 747049 
400, 28000 ± 2000 
376, 5750 ± 400 
356, 3350 ± 250 
335, 2250 ± 150 

EtOH FP/TD 419, 50000 ± 5000 756293 
EtOH (77 K) MOD 424 HiiIfwiulh 380 (.;rn-

I 777538 
EtOH FP/TD 420,60000 776258 
EtOH FP-ET/RA 694b, 52 E relative to anthracene in EtOH(E421 52000 L 78E019 

mol-I em-I) 
EtOH LP/ET 420,63500 € relative to Methylene Blue cation (€aoo = 27000 L 78E394 

mol-I em -I); solvent and temperature assumed; 7T = 
25 f.£s 

EtOH LP/SD 421,54000 E is upper limit (authors) 80B09O 
EtOH LP/RF 421,48500 E relative to anthracene in benzene (E431 42000 L 80B09O 

mol-I em-I) assuming oscillator independent of sol-
vent 

EtOH LP/COM 418, .72000 Triplet concentration calculated by kinetic simulation 82Bl21 
and corrected for optical geometry; E value assumes 
¢IT 0.7; oxygen quenching (3.8 X 109 L mol-I S-I) 

EtOHlMeOH (113 K) FPifD 425,90000 Solvent was 3:1 EtOH to MeOH 67BOO4 
EtOHlMeOH (104 K) PS 426 Solvent was 3:1 EtOH to MeOH; polarization also 68EI02 

403 measured; shoulder at 382 nm 
EtOHlMeOH/Z-MTHF FP/5D 1515'·,2'0" Glass was 3:1:4 BtOH to MeoH to :l.-MTHf<' 6~HUUb 
(113 K) 84Q-,26<J8 

800a, 160" 
787., tSo-
763', lSoa 
752·, ItO-
730', 130· 
71~, 15Q1' 
709-, 130-
699-, 130"-
690", 120"-
64S-, 130"-

EtOHlMeOH (113 K) FPifD 888,260" lPhosphorescence decay; shoulders at 657·,551-,526-, 72BOOI 
844a, 300 4861,453-, 271-, and 2681 nm; 6 electronic transitions 
8018

, 190' were assigned with ()..()'s at 888, 516, 425.3, 328.7, 
788a, 190a 271.3, and .262.4 nm; oscillator strength = 0.002, 0.04, 
764a,21o- 0.2S, 0.03, -0.01, 0.8 
7!H·, 140" 

729', 160* 
7198

, 19()8 
709&, ISO-
697·, t80· 
687\ 170' 
63CJl1, 17Q1' 
5388

, 540" 
516, 3000 
504-,2000" 
497·,2300" 
479", 3600"' 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method ,"max, Emu Comment Ref. 
/nm /L mol- 1 cm- I 

EtOH/MeOH 463a, 2900" 
(Continued) 4448

, 5000" 
425.3, 90000 
4028

, 25000" 
381a, looooa 
328.7, 14O()& 
3148,2200* 
3028 ,2300* 
262.4, 90000 

Ethyl acetate PR 420 0.8 JLS delay; G(triplets) estimated assuming E indepen- 7610S0 
dent of solvent 

Ethylene glycol FP 469 Relative intensities (_:10:3); TT = 3800 ± 150 IJ.S 61EOO5 
425 
401 

Glycerol FP 426.6 TT = 5500 ± 600 ,""S 54EOOI 
402.4 

Glycerol FP 428 Half-life = 9400 ± 1500 IJ.S 58EOO2 
Glycerol (283 K) FP/SD 425, 66800 ± 13400 Lifetime measured at 298 K; TT = 18000 J.LS 65E032 

404, 20700 ± 4140 
Heptane FP 421 58EOO2 
Heptane/Carbon disulfide FP 421 Solvent was 9:1 heptane to carbon disulfide 58EOO2 
Heptane (77 K) PS 429.5 67BOO7 

405 
Hexane FP 420.3 Half-life = 100 IJ.S 53EOOI 

398 
Hexane FP/SD 420.3, 118000c ± 23600 !Oxygen quenching; TT = 84.0 ± II J.LS 54EOOI 

398.0, 27400" ± 5480 
Hexane FP 420 A value was given for an "integrated extinction coeffi- 6OEOO5 

cient" of 46000, but no details were provided: TT = 
2900 jJS 

Hexane FP 465 Relative intensities (_:10:3); rT = 910 ± 83 J.LS 61EOO5 
423 
400 

Hexane LP 420 250 ns delay; relative intensities (4: 1); formed from 776081 
400 diethylaniJine exeiplex; rise time of -110 ns 

Liquid paraffin FP 420.0 'TT = 370 ± 110 J.LS 54EOOI 
401.0 

Liquid paraffin FP/SD 468,2000 Solvent had viscosity of 0.03 N.s/m2
j bands at 424 and 58EOOI 

424, 71500 40 1 nm were assigned to the same electronic transition; 
401, 24300 oscillator strength = 0.01,0.4 

Liquid petrolatum FP 425 Half-life = 1100 ± 200 JLS 58EOO2 

Liquid paraffin FP 424 Viscosity of solvent was 0.167 N.s/m2; rT 9100 ,.,.s 62E009 
Liquid paraffin FP/TD 424°,63000 ± 5000 67E031 

MCH LP 421 8 421 nm peak was the more intense 82F367 

402a 

PMMA(300 K) FP 423.7 Relative intensities (100:26); half-life = 1.22 X 1<r J£S 62EOlO 
401.1 

PMMA (298 K) FP/RA 895,250 ± 50 tDeeay matches the triplet decay at 424 nm; E relative 66E08S 
852- to anthracene in liquid paraffin (E4Z4 =: 71500 L mol- 1 

807- em-I); TT =: 3.4 X 10" JLs 
796-
771-

PMMA FP 894- Shoulders at - 86Cr and 640" nm 7IBOO6 
851a 

8121 

SOP 
776-
717· 

PMMA (293 K) LP 426- 426 nm peak was the most intense 747056 
4028 

386· 
Polystyrene FP 433 'TT = 2.6 X 10

4 
"'" 64E016 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

:: 

No. Solvent Method Amax , Em_x Comment Ref. 
Inm IL mol- J cm- J 

Polystyrene PR 435 G E varied with the concentration of anthracene; 72% 672086 
of the anthracene copolymerizes with polystyrene 

Polystyrene PR 436a GEm = 10000" L mol- J em - J I (l00 e V absorbed) 701073 
Propane FP/TD 422.5, 52000 E assumes 00 saturation is equivalent to total de- 79A346 

pletion 
THF FP 428 'TT = 3770 I-Ls 6OE005 
Toluene LP 430· 430 nm was the more intense peak 717126 

409" 
Toluene (77 K) MOD 434 Halfwidth 490 cm - J 777538 
Toluene LP/RA 428.5, 42000 E relative to anthracene in benzene (~T = 0.72, Em.s = 82E451 

42000 L mol- J cm-I) assuming cl>T = 0.72 for anthra-
cene in toluene 

Triton X-l00 LP 420 Aqueous micelles 83N082 
Waterltert-BuOH FP 420" Solvent mixture contains "1-5%" tert-BuOH for solu- 767189 

bility; pH-6 

65. Anthracene-dlO 

Cyclohexane (77 K) PS 467.1 Relative intensities (1:1:2:10:6:4:4) 69E211 
445.0 
427.5 
421.5 
413.6 
407.0 
398.0 

EPA (77 K) PSISD 426, 115000 68E105 
Et20/EtOH/Toluene PS/ESR 425,75000 tESR; solvent was 2:1:1 Et20 to EtOH to toluene; 696115 
(77 K) only most intense visible peak reported; assignment 

3B3g +- 3B2u; oscillator strength = 0.27 
EtOH/MeOH (104 K) PS 424 Solve~t was 3: 1 EtOH to MeOH; polarization also 68E102 

401 measured; shoulder at 382 om 
PMMA (298 K) FP 894" tDecay matches the triplet decay at 424 nm; 'TT = 8.4 66E085 

SSP X 104 J.Ls 
811" 
796" 
760" 

PMMA (293 K) CWL 4288 fPhosphorescence decay; maxima shift to the red with 76B012 
404" increase in applied pressure; spectrum measured at 5.4 

kbar and assigned tn the 3Ri; +- 3Rt., h'an!l.itinn; relative 
intensities (8:1); at atmospheric pressure principal max-
imum is at 424 nm; TT 85 X 103 I-LS 

PMMA (293 K) CWL 888" tPhosphorescence decay; spectrum measured at 2.{) 76B012 
840" kbar and assigned to the 3Bi'a +- 3B2';. transition: only 
785" principaJ maxima reported here; at atmospheric pres-
715" sure lowest energy maximum is at 895 om; 'TT = 85 X 

103 I-LS 

66. Anthracene/Cbloranil 
Liquid paraffin MOD 420 Mull 71E361 

67. 9-Antbraceneacetic acid, methyl ester 

Waterl Acetonitrile FP 427" tOxygen quenching; solvent 4: I water to acetonitrile; 747389 
404" 427 run peak was the more intense; 'TT = 59 ,.,.S 

68. Anthl'aceue-9-~buJUddebyde 

EPA (77 K) FP 455 TT = 1700 I-Ls 82E338 

69. Anthracene-9-carboxamide 
.cPA (77 K) FP 433 'TT = 3.96 X 104 I-Ls 82E338 

70. Anthracene-9-carboxylic acid 
EPA (77 K) FP 431 'TT = 3.45 X 104 f,Ls 82E338 
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TA ilL!.: 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

71. Anthracene Dhotodimer 
2-MTHF (77 K) LP 

MTHF (100 K) LP 

72. Anthracene-tetracene photodimer 
MCH LP 

73. [2.2](1,4)(9,lO)-Anthracenopbane 
2-MTHF (77 K) LP-ET 

74. anti ·[2.2](l,4).Anthracenopbane 
2-MTHF (77 K) LP-ET 

75. syn ·[2.2](1,4)·Antbracenophane 

76. 

77. 

78. 

79. 

SO. 

81. 

82. 

2-MTHF (77 K) LP-ET 

Anthraquinone 
Benzene PR/ET 

Benzene FP 

EPA (77 K) FP 
EtOH/MeOH (113 K) FPITD 

Toluene LP 

Anthraquinone.2,6·disulfonate ion 
Water FP 

Anthraquinone-2-sulfonate ion 
Acetonitrile 

Water 

2·Anthroate ion 
Waterl Alcohol 

l-Anthrol 
Cydohexane 
Cyclohexane 

Isooctane 

2-Anthrol 
Isooctane 

9·AnthroJ 
MeOH (300 K) 

LP 

LP 

FP 

FP 
LP/ET 

FP 

FP 

LP 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Amax , Emax 

Inm IL mol-I em-I 

442" 

390, 10200 
37U 

370 

365" 
370, >2000 

390 

579" 
473a 

45P' 
378a 

456" 
411" 
3800 

440" 
440, 28300 

510 
439 

442 
298 

430 

Comment Ref. 

Delay 1.5 p.s; species formed by the photolysis of die 84B019 
anthracene 
tOxygenquenching; TT = 2 J.l.s 82AOO6 

Air-saturated solution 82F367 

tTriplet ET from biacetyl 79B050 

tTripJet ET from biacetyl 79B050 

tTriplet ET from biacetyl 79B050 

tTriplet ET from benzophenone and triplet ET to an- 720392 
thracene; E relative to benzophenone in benzene (Em.s 

= 7630 L mol- 1 em-I); TT = 0.2 J.l.s 
.Oxygen quenching, triplet ET to {3-carotene; 'TT = 81F130 
0.11 J.l.s 
tphosphorescence decay; TT = 3400 J.I.S 83E016 
Solvent was 3: 1 EtOH to MeOH; lower limit assumes 67BOO4 
total ground state depletion 
tPhosphorescence decay in EPA at 77 K; delay 300 ns 83E016 

tOxygen quenching; TT = < 1,...5; pH 7 81F130 

Delay 40 ns 83B054 

Spectral data extrapolated back to 15 ns; pH - 6 83B054 

Solvent was 1:1 water to alcohol; pK.(triplet 68B008 
2-anthroic acid) 6.0; pH 13 

767626 
Triplet ET from perylene; E relative to perylene in 777391 
cyclohexane (E480 = 13000 L mo)-I em -I); TT = 295 J.l.s 
tSimilarity to t.anthryl diisopropyl borate spectrum; 717266 
510 nm was the more intense peak 

tSimilarity to 2-anthryl diisopropyl borate spectrum 717266 

82BI02 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

83. Anthrone 
? (81 K) 

Benzene 

Benzene 

Hexane 
Isooctane 

84. I-Anthryl diisopropyl borate 

Method 

FP/SD 

LP 

LP 

LP 
FP 

Triisopropyl borate FP 

85. 2-Anthryl diisopropyl borate 
TriisopropyJ borate FP 

86. 9-Anthryl diisopropyl borate 
TriisopropyJ borate FP 

87. 9-Anthryl ethenyl ketone 
EPA (77 K) FP 

88. 1-(2-Anthryl)-2-(2-naphthyl)ethylene 
Benzene PR/ET 

Bromobenzene LP 

MCH LP 

89. 1-(2.Anthryl)·2-phenylethylene 
Benzene PR/ET 

Bromobenzene LP 

MCH LP 

90. I-(2.Anthryl)-2-(2-tbienyl)etbylene 
Benzene PRIET 

Amax , Emu 

Inm IL mol- 1 cm- I 

341,74000 

530' 
385 

~580 

560 
423 
395 
380 

830 
745 
688 
505 
428 

520 
427.5 
405 
330 

425 
403 
340 
305 
282 

430 

635 ± 3, 62000 ± 9300 
460 ± 3, 50000 ± 7500 
640 ± 3 
590" 
46" ± 3 
4398 

621 8 

5678 

451 a 

4258 

Comment Ref. 

tPhosphorescence decay; glass was either 1:3:3 77B022 
I-methylPrOH to Et20 to isooctane or 1:9 MCH to 
mixture of EtOH and MeOH; TT = 1800 ± 200 p.s 
tTriplet ET, oxygen quenching; decay times limited in 766464 
oxygen saturated solution; shoulder around 420 nm; 
relative intensities (1:10); TT = 0.170 /Ls; rise time of 
0.070 ± 0.020 ns 
tQuenching by oxygen, di-tert-butylnitroxide, and di- 82B102 
enes 
Rise time of 0.050 ± 0.020 ns 84E077 
Some bands at 635 and 545 nm bands were unassigned 717266 

428 nm was the most intense peak 717266 

717266 

717266 

82E338 

tOxygen quenching; E relative to biphenyl in benzene 84El11 
(Em = 27100 L mol-1 cm- '); 'TT = 88 IJ-s 
tAzulene quenching; 'TT = 58 IJ-s 84El11 

84Ell1 

620 ± 3, 41000 ± 6000 tOxygen Quenching: E relative to biphenyl in benzene 84El I I 
455 ± 3,60000 ± 9000 (£3S9 = 27100 L mol-I cm- I); 'TT = 117 IJ-s 
630 ± 3 *Azulene quenching; 'TT = 40 IJ-s 84El11 
5798 

460 ± 3 
4388 

61P 
:5594 

449a 

4U" 

630 ± 3, 47000 ± 7000 
455 ± 3, 38000 ± 5700 

Shoulder at 5208 nm 84E111 

*Oxygen quenching; E relative to biphenyl in benzene 84El11 
(E~~, = 27100 L mol-I em-I); 1"T ~ 19,.ul 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em"" Comment Ref. 
/nm /L mol-I cm- I 

BrUUlubt:Il:Lt:nc LP 635 ± 3 ~Azulene quenching; TT = 22 ,...S S4Bll1 

58P 
460 ± 3 

MCH LP 6198 Shoulder at 5278 nm 84E111 
5668 

4488 

420" 

91. Astacene 
Benzene PR-ET 580 tTriplet ET from naphthalene; 7', = 6.2 J.LS 80A143 

92. Astaxanthin 
Benzene PR·ET' 580 tTriplet ET from naphthalene; method not explicit; TT SlB097 

= 6.2 J.Ls 

93. Auramine 0 
PMMA (77 K) PS 1300 65BOO4 

1200 
1090 
700 

94. Aurophospbine, conjugate monoacid 
Glycerol (293 K) FP 690" Solvent has added glucose 776171 

610" 
550" 

95. Azulene 
Acetonitrile LP 360 tTriplet ET from benzophenone, oxygen quenching (8 81F275 

X 109 L mol-I S-I); 1'T = 3 J.Ls 
Benzene LI"/IIT 360,4000 fTciplet ET' froUl benzophcllOJlt: iIlnd otlu:a douors, 81F275 

oxygen quenching (6 X 109 L mol-I S-I; E relative to 
benzophenone in benzene (Emu = 7600 L mo}-l cm-l) 
assuming unit transfer efficiency; [84E491] sees no 
maximum down to 345 nm; 7'T = 4 J.Ls 

Benzene PR <345 tTriplet ETto perylene and from 1,3-cyclohexadienej 84E491 
spectrum corrected for SD by monitoring singlet at 
620nm;1'T = 11 ± 1 J.Ls 

96. Azure A 
Water FP 790 pK. = 7.0 ± 0.1 67COOl 

97. Azure A cation 
Water FP/SD 840\10000 tOxygen and 1- quenching; pKb = 6.3; structure of the 70E293 

spectrum could not be discerned because it was not 
corrected for SD; pH 9 

98. Azure B 
Water FP 800 pK. = 7.2 ± 0.1 67COOl 

99. Azure C 
Water FP 810 pKa = 7.4 ± 0.1 67COOI 

100. Bacteriochlorophyll 
EtOH/Pyridine LP/SD 631a, 18500" tTriplet ET; solvent was 7:3 EtOH to pyridine; shoul- 733184 

588", 19600· dcr at 691" nm; T, 74 ± 41-1':1 
515·,21500" 
400", 46700" 
3238

, 38300" 
Pyridine FP/SD 655,9300 1'T = 85 ± 13 J.Ls 6OE006 

620, 11500 
410,22200 

Pyridine LP/SD 616·, 20800" tTriplet ET; shoulder at 690' om; 'I'T = 89 ± S J.Ls 733184 
5128

• 195flO1 

405·, 41000" 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol-I em-I 

101. Benz[a ]acricUne 
EPA (77 K) PS 497 Relative intensities (10:9); "t,2-benzaeridine"; l'T = 3 54Bool 

470 X lOs J.LS 
lsopentaneflr{CH (77 K) PS 497 l'T = < 5 X 10' J£S 54Bool 

102. Benz[c )aeridine 
EPA (77 K) PS 510 Relative intensities (1O:9); "3,4-benzacridine"; l'T = 4 54 BOO 1 

480 X 10s ,...s 

103. Benz[b ]aeridin-12(SH)-one 
EtOH (300 K) FPIET 590,45000 E relative to anthracene in EtOH (E42 1 52000 L 81E649 

380 mol-1 em-I); "6,7-benzaeridinone" 

104. Benz.aldeh7de 
Liquid paraffin FP 470 Solvent viscosity was 0.03 N.s/m2; 470 and 364 nm 58EOOI 

364 bands were assigned to one electronic transition, and 
320 the other two bands were assigned to another elec-
307 tronio transition; relative intenllitie6 (11:18:100:86) 

105. Benzamide 
Liquid paraffin FP 505 Solvent viscosity was 0.19 N.s/m1; bands were as- 58EOOI 

300 signed to 2 different electronic transitions 

106. Benz[a ]anthraeene 
2-MTHF (77 K) PSIESR 493,436OCf *ESR; shoulder at 410a nm; "1,2-benzanthracene"; os- 68D211 

469·, 22700a-c cillator strength = 0.43 
441·, 19200·'" 

Benzel)e FP 538 Relative intensities (10:100:65:50:30); 'rT = 160 ± 13 61EOO5 
488 J.LS 
458 
435 
402 

Benzene PRIET 490,20500 E relative to benzophenone ketyl radical in cy- 71E360 
clohexane (Emax = 3700 L mol- 1 em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben-
zene Emax ratios of 1.83 for naphthalene and 1.45 for 
anthracene 

Benzonitrile LPIRF 49oa, 12000 ± 800 E relative to benz[a]anthracene in toluene (E490 = 83F075 
4668,9800a 15000 L mo)-I em-I) 

Cyclohexane PRIET 480,25100 ± 6270 E relative to benzophenone ketyl radical in water (Ems 680727 
= 3220 L mol-I em -I), assuming this value for ES42.S in 
cyclohexane 

Cyelohexane LP 480 tRise time of transient was the same as the decay time 68B006 
of the singlet 

Cyc1oh~e LP 540 70E288 
490 
461 

Cyelohexane PRIET 480,28800 E relative to benzophenone ketyl radical in cy- 71E360 
c10hexane (Emu = 3700 ~ mol-I em-I); reference E 

obtained by starting from Em.u = 3220 L mol-I em- I 

for thi~ kctyl radical in watelll.lld ~ulllillg lhc:Jofthc 
ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds 

Cyclohexane LP 543 350 ns delay 737463 
483 
457 
429 

EPA (77 K) PS 489.0 *Phosphorescence decay; 1st transition assigned as lL. 51EOO1 
473.3 -+lCb 

459.3 
EPA (77 K) PS 489.0 tPhosphorescence decay; relative intensities 540001 

460.8 (100:58:54); unresolved shoulder at 474 nm; TT = (3 ± 
434 1) X lOS J.LS 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amu, Ema• Comment Ref. 
/nm /L mol-I cm- I 

EPA (77 K) PS 710 Weak bands in the red only studied 67B005 
645 
590 

EPA (77 K) PS/SD 487.5, 29000 EPA in this work was 4:4: 1 isopentane to Et10 to 68EI04 
4653

, 18200a absolute EtOH 
433a, 136()()-

EPA (77 K) PS 709.2 Relative intensities (7:5:6:4:100:42:70:44:27:20) 69E211 
645.2 
589.9 
543.5 
489.0 
471.9 
460.8 
434.8 
411.0 
384.0 

EPA (77 K) PS/IV 488, 28800 Am&> assumed from previous work; E estimated by ex- 69E212 
trapolation to infinite excitation rate 

EtOH (293 K) FP 540 68E098 
482 

EtOH (293 K) LP 442a 697226 
EtOH (77 K) MOD 486 Halfwidth 440 em-I 777538 
EtOH LP 480" Relative intensities (6:4.2:4); 1.8,...s delay; solution con- 78E5S4 

450" tains Ag ions 
430" 

Heptane (77 K) PS 487 67BOO7 
460 
437.4 
413 
402 

Hexane FP 485.0 S4EOOI 
450.1 
429.9 

Hexane MOD/SO 480", 24500a Shoulders at 410 nm and 387 nm; 7'T = l00,.,.s 64EOI5 
455·, 18200" 
430", 13800a 
3&,28W 
295·, 43700a 
279',316()()-

Hexane (300 K) MOD/SO 531,2500 69E208 
481,26000 
455,21000 
427, 17000 
407,9000 
360, 2800 
345,3600 
302,40000 
274,30000 
247, 24000 

Isopentane/MCH (77 K) . PS 486.6 Relative intensities (100:62:55); unresolved shoulder at 54BOOI 
459 472nm 
430 

Liquid paraffin FP/SD 540,3000 Solvent had viscosity of 0.03 N.s/ml; 3 electronic tran- . 58EOOI 

485,23400 sitions were assigned; all bands belong to the 2nd elec-
461, 19700 tronic transition except the bands at 540 and 315 nm; 
434.5, 12400 oscillator strength = 0.02, 0.34, _ 
415, 8900 
315 

Naphthalene (373 K) PR 495 Solution; relative intensities (100:83:66); delay 300 ns; 700114 

475 kc' = 1.1 X 1010 L mol-I S-I 
435 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method AmaA , EJ1IAX Comment Ref. 
Inm (L mol- J cm- 1 

Nonane (77 K) PS 490.0 Relative intensities (100:42:70:44:27:20) 69E211 
463.6 
460.0 
432.0 
410.0 

PMMA (296 K) LP 490 686058 
460 
430 

PMMA (296 K) PS 488a 68EI04 
461a 

435· 
PMMA LP 540 70E288 

490 
461 

Toluene (77 K) MOD 495 Halfwidth 460 cm -I. 777538 
Toluene LP/ET 49C1', 15000 ± 1000 E relative to anthracene in toluene (E428.S = 42000 L 83F075 

466", 10600" lIlul- 1 CUI_I) 

107. -, H -BelU{de ]antbraceD-7-one 
1.1.2-Trichloro- LP 484· tOxygen quenching (1.2 X 109 L mol-I S-I) 757427 
triOuoroethane 
Benzene LP 490 Half-life == 1.0 ± 0.1 IJ.S 757427 
Benzene (298 K) LP 500 82E204 

460 
McOH LP 490* Half-life - 1.8 :!: O.~ fUI 7'57427 

108. BelU{a ]azulene 
Benzene LP 430 81F275 

109. Benzene 
Cyclohexane LP/lV 235, 11000 tOxygen quenching; 106 ns delay; shoulder ...... 310 nm 80B023 

if -0.12); E assumes 4>T = 0.23; assignment 2lE2s +-

3Blu; oscillator strength = -0.35 
EtOHlMeOH (113 K) FP 429.6 ± 0.5 fPhosphorescence decay; glass was 3:1 BtOH to 69E207 

-412.5 ± LO MeOHi band assigned to 3Efs +- lBit 

110. Bcnzene-dc. 
3-MPIMCH (103 K) FP 426.5 ± 0.5 fPhosphorescence decay; glass was 1: 1 3-MP to MCH; 69E207 

-412.5 ± 1.0 band assigned to 3Efg +- 3B it 
EtOHlMeOH (113 K) FP 425.0 ± 0.5 fPhosphorescence decay; glass was 3:1 EtOH to 69E2Ci7 

...... 407.5 + 1.0 MP.OH; hand rut'l.ignp.n to 3Ei; +- lBit, 

111. Benzidine 
EtOH(77 K) MODIKM 460, 22000 ± SSOO "4,4'-Diaminobiphenyl" 737055 
EtOHlEtlO (77 K) MODIKM 460, 49000 ± 20000 Glass was 2:1 EtOH to Et20: temperature was not 719059 

explicitly stated, but 77 K was inferred from the con-
text 

ToluenelEtOH (77 K) MOD 461- Glass was 19:1 toluene to EtOH 719059 

112. Denzil 
AcetonitrilelW ater LP 480a Solvent was 88: 12 acetonitrile to water by volume 79E690 
Benzil (295 K) LP 510 Triplet exciton in crystal; half width 2860 cm- I 78E538 
Benzil (77 K) LP 510 Triplet exciton in Crystal; half width 2320 em-I 78E:538 
Liquid paraffin FP 486.5 Solvent viscosity was 0.03 N·s/m2:j bands were as- 58EOOI 

380 signed to different electronic transitions 
Polystyrene PR 469a 

GEWl = 4200- L mol-I cm- I 1(100 eV absorbed); TT 701073 
= 361J.S 

113. DeDZillTrietbylamble 
AcetonitrilelWater LP Solvent was 88:12 acetonitrile to water; possible triplet 79E690 

exciplex, but resembles benzil radical cation; TT = 
0.055 jLS 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method hma• , Emu Comment Ref. 
Inm /L mol-I cm- I 

114. Benzo[ a ]carbazole 
EtOH FP 680" Most intense peak at 569 nm 766421 

569 
438 
390 
365 

115. Benzo(b ]carbazole 
EtOH FP 620" Most intense peak at 500 nm; shoulder around 475 nm 766421 

500 
420 
345 

116. Benzo[c )carbazole 
EtOH FP 528 Most intense peak at 528 nm; shoulder around 600 nm 766421 

380 
352 

117. Benzo[tJ ]cbrysene 
Benzene MOD 570 Relative intensities (100:64:39) 71E361 

530 
450 

Liquid paraffin MOD 570 Mull; relative intensities (100:78); shoulder at 530 nm 71E361 
450 with relative intensity 71; 'TT = 53 p.s 

118. Benzo[a ]coronene 
2-MTHF (77 K) PS/ESR 588,25500 tESR; assignments 3B2 _ 3B2. JA1 _ 3B2; oscillator 696115 

423,38800 strength = 0.28, 0.18 
EPA (77 K) PS/SD 5718,25800- EPA in this work was 4:4: 1 isopentane to EtlO to 68EI04 

42oa, 37600- absolute EtOH; "l,2-benzcoronene" 
PMMA (296 K) PS 568a 68EI04 

418a 

PMMA (77 K) PS/SD 568-, 21900- Shoulders at 588a
, 532-, and 4888 nm; TT = 4.3 X 106 p.s 69E216 

PMMA (296 K) PS/SD 568-, 20300- Shoulders at 585& and 5388 nm; TT = 2.9 X 106 p.s 69E216 
PMMA (293 K) CWL/KM 1090, -200 Three transitions were identified with the 0-0 bands 707230 

943 identified by their extinction coefficients; the lowest 
826 triplet state was assigned as lBt, and the excited states 
588, 18000 were assigned as 3Bt, 3Bi", and 3 AI in increasing en-
568 ergy; the Em is for the compound in EPA at 77 K; 
417,36200 u:sl,;i1lutur :itn:ugth = 0.06, 0.24, 0.19 

119. Benzoftavine 
PMMA (77 K) PS 1300 65B004 

1210 
1100 
930 
800 
750 

120. Benzo[a ]ftuorene 
Heptane FP 620a Most intense peak at 405 nm 766421 

600-
440"-
405-

121. Benzo[b 1ftuorene 
Heptane FP 620" Most intense peak at 441 nm; shoulder around 465 nm 766421 

441 
419 
392 
377 
365 

122. Benzo[c ]ftuorene 
Heptane FP 490- More intense peak at 490 nm; shoulder around 460 nm 766421 

3Soa 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "'max , Emax Comment Ref. 
Inm IL mol-I cm- I 

123. Benzoic acid 
IsopentaneIMCH FP/COM 320, -1000 .Phosphorescence decay; solvent was 5:1 isopentane 756071 

315" to MCH; Emu was estimated based on «I>T being 0.99; 
shoulders at 344& and 304" nm; delay 10 f.'s; 'TT = (2.80 
::±: 0.10) x 106 f4S 

Liquid paraffin FP 310 Solvent viscosity was 0.19 N·s/m2 58EOOI 

124. Benzoin 
Benzoin (295 K) LP 455& Triplet exciton in crystal 78E538 

430' 
390' 

Liquid paraffin FP 476 Solvent viscosity was 0.19 N.s/m2; relative intensities 58EOOI 
370 (95:100) 

125. Benzo[c ][1,5]naphtbyridine 
EtOHlEhO (77 K) PS 758 Solvent was 3:2 EtOH to Et20; relative intensities 80B130 

676 (14:34:43:77:94:100:77:70); ET = 270 kJ mol-I 
610 
570 
532 
505 
474 

439 

126. Benzo[c ][l,6]naphtbyridine 
EtOHlEtzO (77 K) PS 557 Solvent was 3:2 EtOH to EtzO; relative intensities 80B130 

525 (100:85); ET = 276 kJ mol-I 

127. Benzo[c ][1,7]napbtbyridine 
EtOHlEtzO (77 K) PS 571 Solvent was 3:2 EtOH to EtzO; relative intensities SOB 130 

531 (77:100:97:65); ET = 269 kJ mol- 1 

495 
435 

128. Benzonitrile 
EPA (77 K) FP 490 tPhosphorescence decay, molecular orbital caleu- 776213 

430 lations; E. roughly 200 L mol-I em -I (method un-
specified); 'TT = 3.5 p.s 

129. Benzo[rsl Jpentapbene 
Benzene MOD 490 Relative intensities (100:44); "3,4,9,1O-dibenzpyrene"; 71E361 

460 'TT = 170,""s 
Cyc10hexane LP 495 70E288 
Cyc10hexane LP 714 370 ns delay 737463 

694 
676 
654 
637 
621 
613 
581 

Liquid paramn MOD 490 Mull; relative intensities (100:4:5); 'TT = 1:50 p.s 11E361 
460 

130. Benzo[ghi]perylene 
Benzene MOD 570 Relative intensities (11:23:100); "1,12-benzoperylene"; 71E361 

520 'TT = 150,.,.s 
470 

Cyelohexane LP 690 370 ns delay; authors reassign "490" nm band to Tn +- 737463 
667 T •. [686058] suggested that it was Sn +- S, 
637 
575 
529 
483 
461 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am .. , Emu Comment Ref. 
/nm /L mol-I cm-I 

EPA (77 K) PS/SD 467, 40000 ± 4000 68EI05 
PMMA (296 K) LP 465 686058 

425 
PMMA (77 K) PS/SD 4653

, 399Q()B 696020 
PMMA (296 K) PS/SD 4633

, 38900a 696020 
PMMA (293 K) CWL/KM 1000, -150 Four transitions were identified with the 0-0 bands 707230 

781, -500 identified by their extinction coefficients; the lowest 
699 triplet was 3Bt, and the other states were (lAt), 3A" 
637 3Bi, and 3A, in increasing energy; the ES68 is for the 
568, -7000 compound in EPA at 77 K; oscillator strength = 
529 -10-3,0.02, >0.07,0.39 
493 
465,38300 
439 

131. Benzo[c )phenanthrene 
Acetonitrile FP 520 "3,4-Benzphenanthrene"; radical cation also observed 78A324 

at 450 nm; solvent contains dimethylmercury; TT = 
-200 ,...S 

Cyclohexane LP 517 70E288 
Hexane FP 517.1 54EOOI 
Hexane FP/SD 517,4800 Bands were assigned to 2 different electronic transi- 58EOOI 

400, 1580 tions; oscillator strength = 0.05, 0.03 
PMMA LP 517 70E288 

132. Benzophenazine 
Toluene (293 K) FP 530" .Phosphorescence decay in EPA at 77 K, oxygen 80E778 

500a quenching; isomer unspecified 

133. Benzophenone 
2-PrOH LP 535 TT = 0.046 ± 0.006 ,...S 70E288 
Acetonitrile LP 520 .Triplet ET to cis-3-methylpent-2-ene; relative in- 80B087 

330" tensities (1:2); TT = 0.71 JJ.S; kel = 2.7 X 108 L mol- I 

S~I 

Acetonitrile LP/HAT 520, 6500 ± 400 E relative to benzophenone ketyl radical in water (ES40 80£416 
320, -11500 = 3220 L mol- I cm - I) assuming Erer unchanged in 

acetonitrile; hydrogen atom transfer from 2-piperidone 
(kHAT = 9.7 X 106 L mol- I S-I); TT = 14,...s 

Acetonitrile LP 525 20 ps delay 80A206 
AcetonitrilelW ater LP/RF 520,6500 Solvent was 9:1 acetonitrile to water; E relative to 84B033 

315, 11800 benzophenone in acetonitrile (ES20 = 6500 L mol- I 

cm- I) 

Renzene FP/HAT 525b• 6000 ± 3000 tSpecific Quenching by heavy metal chelates; E rela- 63E007 
tive to benzophenone ketyl radical in benzene (ES25 = 
7000 L mol- I cm - I); E calculated by estimating that 
10% of the triplets form ketyl radicals; TT 10 ± 5,...s 

Benzene PR 530 GES30 = 11700 L mol- I cm- I / (100 eV absorbed); 64B006 
half-life = 2.11 ,...S 

Benzene PR/ET 532.5,9100 E relative to anthracene in cyc10hexane (E420 = 57200 L 680727 
mol- I em - I); author reported mean of 4 measurements 
(this one and 3 others with different ref. cmpds.) as 
10300 ± 2570 L mol-I cm- I 

Benzene PR/ET 532.5, 12000 E relative to naphthalene in cyc10hexane (Em.s = 22600 680727 
L mol- I cm- I); author reported mean of 4 mea-
surements (this one and 3 others with different ref. 
cmpds.) as 10300 ± 2570 L mol- I cm - I 

Benzene PR/ET 532.5,9700 E relative to benz[a ]anthracene in cyc10heXane (E480 = 680727 
25100 L mol- I em - I); author reported mean of 4 mea-
surements (this one and 3 others with different ref. 
cmpds.) as 10300 ± 2570 L mol- I cm- I 

Benzene PR/ET 532.5, 10600 E relative to phenanthrene in cyc10hexane (E482.S = 680727 
21000 L mol- I cm- I); author reported mean of 4 mea-
surements (this one and 3 others with different ref. 
cmpds.) as 10300 ± 2570 L mol- I em - I 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent 

Benzene 
Benzene-d6 

Benzene 

Benzene 

Benzene 

Benzene 
Benzene 
Benzene 

Benzene 

Benzene 

Benzene 
Benzophenone(303 K) 

Benzophenone(77 K) 

Benzophenone(295 K) 
Benzophenone 

Cyc10hexane 
Cyclohexane 
Dioxane 
Diphenyl ether 
EPA (77 K) 
EtOH 
EtOH 

Heptane 
Hexafluorobenzene 
Hexane 

Isopentane (77 K) 

MCH 
PFMCH 

PMMA (293 K) 

PMMA (80 K) 

Method 

LP 
LP 
PRIET 

FP/RA 

PR 

LP 
LP 
LP 

LPIRA 

LPIET 

LP/PIV 
PR 

LP 

LP 
LP 

LP 
PR 
LP 
LP 
FP 
LP 
LP/COM 

LP 
LP 
LP/IV 

FP 

LP 
FP 

FPIRA 

FP 

Amax , Emu 

10m IL mol- I cm- I 

535 
535 
532.5,7630 

525,7000 

5288 

528" 
535 
525 
325 
533. 7200 

533", 7100 ± 800 

530, 7220 ± 320 
S40 

543 
450 
543 
54fl8 

535 
5358 

535 
-540 
535 
535 
545.7300 
510-,6500· 
530 
535 
525. 10300 
500", 9600" 
445' ,S(')()()4 
310', 15000" 
543a 

326" 
529" 
530" 
520" 
:H9" 
606 
532, 4200 ± 100 

606 
532 

Comment Ref. 

7'T = 2.5 ± 0.3 ,....S 70E288 
7'T 3.45 ± 0.30 ,."S 70E288 
E relative to benzophenone ketyl radical in cy- 71E360 
clohexane (Emu = 3700 L mol-I em-I); 40 obtained 
from a simultaneous least squares fit of data from 
several compounds making use of eyc!ohexane to ben-
zene Emax ratios of 1.83 for naphthalene and 1.45 for 
anthracene 
E relative to benzophenone ketyl radical in cy- 717009 
c10hexane (Emax = 4160 L mol- 1 em-I). taking <l>T = 1 
in benzene and <l>ketyl = 1 in cyclohexane; reference 40 of 
ketyl radical was taken as the average of 3220 in water 
and 5100 L mol-I em-I in 2-PrOH/water; 7'T = 12 ± 
2J.AoS 
t Triplet ET from benzene; kel (1.3 ± 0.2) X 1011 L 751124 
mol- I S-I 

'TT = 3.57,....s 
751124 
79A171 
80B021 

E relative to potassium ferrioxalate actinometer as- 80B090 
suming <l»T = 1.0 for benzophenone in benzene 
tTriplet ET to naphthalene; 40 relative to naphthalene 81A174 
in benzene (E.425 = 13000 L mol- I em-I) 

Liquid; if 90% of the absorption at 540 nm is due to 
triplets and if E = 10300 L mol- I em-I, then G(tri
plets} = 2.2 ± 0.1 triplets/(l00eVabsorbed).; half·life 
= 0.46 J.tS 
Triplet exciton in crystal; halfwidth of 543 nm band 
2450 em-I; 'TT = -1000 J.tS 
Triplet exciton in crystal; half width 3000 em-I 
tPhn!i:rhnT~p.nnp. np.r.AY; Ilb!.lorption monitored by 

diffuse-reflectance spectroscopy 
'TT = 0.30 ± 0.02 ,."s 

'TT = 0.20 ± 0.02 J..I.S 
TT = (160 ± 20) X 10-3 ,."s 

TT = 0.104 ± 0.015 J.tS 
40 estimated by scaling by half width of band (3220 
em - I) relative to that in hexane; 'TT = 0.08 J.tS 
Delay 320 ps 
1'T = 0.435 ± 0.40 J-LS 

E estimated assuming <l»T = 1.0 for benzophenone in 
hexane, corrected for triplet decay and ketyl radical 
formation during the pulse. and extrapolated to zero 
intensity; half width 2650 em - I; 'TT '= 0.29 ,."S 

*Phosphorescence decay 

83B067 
700114 

78E538 

78E538 
84.ED4.4 

70E288 
151124 
70E288 
78B071 
55EOO2 
70E288 
79B141 

84B154 
70E288 
79B141 

67EI05 

757112 
*Phosphorescence decay; most intense peak was at 319 147390 
nm; TT = 400 !Jos 

tPhosphorescence decay; 40 relative to benzophenone 66E090 
ketyl radical in 2-PrOH/water (40546 5100 L mol- 1 

em -I), assuming <l»T was the same in PMMA and 
ethylene glycol and assuming 40 for ketyl radical same 
in 2-PrOH/water and ethylene glycol; delay 100 ,."S 
tDecay of absorption was equal to decay of phos- 66E090 
phoreseence at 293,220, and 100 K; delay 100 J.tS 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

PPFO LP/SM 

SPFO LP/SM 

Trichlorotrifluoroethane FP 

Water FP 

Water 
Water 

Water 

Water 

Water/Acetonitrile 

FP 
F.P 

LP/HAT 

LP/RA 

LP 

134. Benzophenone, conjugate acid 
Sulfuric acid LP 

135. Benzo[a ]pyrenelDNA 
Water 

136. Benzo[e]pyrene/DNA 
Water 

137. Benzo[a ]pyrene 
Benzene 
Cyclohexane 

Cyclohexane (296 K) 
EPA (77 K) 

PMMA (77 K) 

Toluene/EtOH (77 K) 

Water (296 K) 

Water (296 K) 

138. Benzo[e ]pyrene 
. Benzene 
EPA (77 K) 

EPA (77 K) 

LP 

LP 

MOD 
LP 

FP 
PS 

PS 

MOD 

FP 

FP 

MOD 
PS/IV 

PS/KM 

J. Phys. Chern. Ret. Data, Vol.1S, No.1, 1986 

Amax , Emax 

/nm /L mol-I cm- I 

520, 2460e ± 350 

520, 266QC ± 380 

526 
317 
525 
315 
525 
~:l.~ 

315 
520,5750 ± 400 
320, -8350 

520, 5800 ± 400 

525 

505 

480 

560" 

475 
500 
475 
465 
504 
477.3 
467.9 
444 
470 

442 
419 
557" 

465 

470 

560 
555, 17800 

5888 ,7500' 
555", 161008 

519\ 9300· 

Comment Ref. 

Aqueous micelle, potassium perfluorooctylsulfonate; E 81N156 
method needs the assumption of <l>T = 1 for benzo-
phenone in the micelle since only linear intensity de
pendence observed; 'TT = 7.87 ,.,.s 
tPhosphorescence decay; aqueous micelle, sodium 81N156 
perfluorooctanoate; E method needs the assumption of 
<l>T = 1 for benzophenone in the micelle since only 
linear intensity dependence observed; 'TT = 7.87 ,.,.S 
tOxygen quenching and no hydrogens available in the 67B006 
solvent to form ketyl radicals; 'TT = 20 ,.,.S 
pH 12.7 727098 

Delay 20 ,...s; 'TT = 65 ± 6 ,.,.S 72A022 
'TT := -IOU ,...s; pH Neutral 727U9'6 

E relative to benzophenone ketyl radical in water (ES40 80E416 
= 3220 L mol-I cm -I); hydrogen atom transfer from 
2-pipcddum:: (kHAT = 14.8 X 106 L lDul-IIS-I); TT = 40 
,.,.S 
E relative to naphthalene in cyclohexane (E414 = 24500 80E416 
L mol-I cm -I, <l>T 0.75) assuming <f>.r = 1 for benzo-
phenone in water 

Solvent was 4:1 water to acetonitrile; 200 ns delay; 'TT 82A082 
= 31 ,.,.s; ET = 288 kJ mol-I 

5 mol L -I H 2S04; solvent was 4: 1 water to acetonitrile; 84E456 
pK.O.20 ± 0.02; 'TT = 0.017 fl.s 

fOxygen quenching (2.0 X 108 L mol-I S-I); de- 766403 
proteinated calf thymus DNA; 'TT = 3.5 X 104 ,.,.s 

fOxygen quenching (1.6 X 108 L mol-I S-I); de- 766403 
proteinated calf thymus DNA; 'TT = 1.55 X 104 ,.,.s 

Called "3,4-benzpyrene" in paper; 'TT = 84 ,.,.S 
fRise time of transient was the same as the decay time 
of the singlet; "3,4-benzpyrene" 
Shoulder at 440 nm; 'TT = 8700 fl.s 
Relativc intensitics (31 ;95; 100;76), "3,4-benzopyrene" 

Named "3,4-benzopyrene" in paper 

Glass was 19:1 toluene to EtOH; shoulders at 6068
, 

4278
, and 380a nm: called "1,2·benzopyrene" in paper 

Solution contains 2% SOS; shoulder at 445 nm; radical 
cation also observed (Amax = 550 nm); 'TT = 2.38 X 104 

ILs 
Caffeine (l %) added as solubilizing agent; radical cat-
ion also observed (Amax = 550 nm); 'TT = 2040 ,.,.S 

Called "1,2-benzpyrene" in paper; 'TT = 120,.,.s 
Amax assumed from previous work; E estimated by ex· 
trapolation to infinite excitation rate 
Solvent, temperature and extinction method assumed 
from earlier work; polarization also measured 

71E361 
68B006 

78A345 
54Dool 

70£291 

719059 

78A345 

78A345 

71E361 
69E212 

69E213 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

EtOH/MeOH/THF 
(assumed 77 K) 

139. Benzo(f]quinoline 
EPA (77 K) 

Method 

PS 

PS 

PS 

hopentAnp/MCH (77 iC) PS 
PMMA (77 K) PS 

140. Benzo(h lquinoUne 
EPA (77 K) PS 

EtOHlEt20 (77 . K) PS 

lsopentane/MCH (77 K) PS 

PMMA (293 K) FP 

PMMA (77 K) PS 

141. &nzn/lJquinolizinium 
AcetonitriJe 

142. Benzo[h lquinoUzinium 
Acetonitrile 

143. 1,4-Benzoquinone 
EtOH 
Water 

FP 

FP 

LP 
LP 

144. Benzo[b ]tripbenylene/Cbloranil 
PMMA PS 

145. Benzo[b ]tripbenylene 
2-MTHF (77 K) 

Benzene 
CycJobexane 

Epoxy plastic (296 K) 

PSIESR 

MOD 
LP 

LP 

Arnax , Emu 

lOIn /L mol-I em-I 

5S7.5 
558.5 
456 

517 
482 
-452 
833 
735 
662 
SIS 
448 
510 
SOO 
470 
440 

500 
465 
-440 
:500 
465 
437 
505 
-46' 
490 
460 

490 
460 
433 

57S' 

450 
410 

620 
'40 
4soa 
420a 
410a 
400" 

454,31000 

450 
440 

425 
412 

Comment Ref. 

Glass was 3:1:4 EtOH to MeOH to THF; the origin ot 70BOO3 
another band was assigned to 392 nm; tbe 4 bands were 
assigned to 4 different electronic transitions; T 1 was 
assigned as 3Bt. and tbe otber 4 states were assigned as 
3A. for 587.5 nm and 456 nm and 3Bi" for the other 2; 
"I,2-benzopyrene" 

Relative intensities (10:8:5); "5,6-benzoquinoline"; TT S4BOOI 
= 2.6 X 106 fJ-S 

Solvent was 3:2 EtOH to EtlO; relative intensities SOB 130 
«5:<5:<5:100:74:49); llT -- 162 kJ mol-I 

TT = 1.8 X 106 .us 
tPhosphorescence decay (1); TT = 3.3 X 106 fJ-s 

54BOOI 
70E291 

Relative intensities (10:8:5); "7,8-benzoquinoline"; 'TT 54BOOI 
= 2.1 X 106 ,...s 

Solvent was 3:Z BlOH to .btzUj relative intensities WB130 
(100:84:55); ET = 262 kJ mol- J 

Relative intensities (10:9); 'TT = 1.4 X 106 ,...s S4BOOl 

tPhosphorescence decay (1); decay was non- 7OE29 I 
exponential, and lifetime was calculated from a termi
nallst-order rate constant; TT = 1.1 X 106 Jl.s 
*Phosphorescence decay (1); 'TT = 1.9 X 106 1's 70E291 

'TT = 125 ± S,.,s SlA34S 

'TT = 120 ± 51J.S SlA34S 

100 ps delay 79B007 
tOxygen quenching (2.4 X 109 L mol-I S -I); 'TT = 0.53 SOB 112 
,...s 

Charge transfer comple.l; most intense peak at 450 run 766652 

* ESR; only most intense visible peak reported; 696115 
"I,2,3,4-dibenzanthracene"; oscillator strength = 0.20 
TT = 90 ,...s 71E361 
tRise time of transient was the same as tbe decay time 68BOO6 
of the singlet 

686058 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

Solvent 

PMMA 
PMMA (293 K) 

PMMA 

I-Benzoylacetone 
EtOH/MeOH (118 K) 

Method 

LP 
CWL/KM 

PS 

FP 

Benzoylamino-2-.l12-tbiazoline 
Cyclohexane (293 K) FPIRA 

9-Benzoylantbracene 
Benzene LP 

DPA (77 K) FP 

Toluene LP 

9-Benzoyl-10-bromoantbracene 
EPA (77 K) FP 

9-Benzoyl-l0-cbloroantbraeene 
EPA (77 K) FP 
Toluene LP 

9-Benzoyl-l0-cyanoanthracene 
Toluene LP 

2-Benzoyl-N -metbyl-J3-napbtbiazoline 
EtOH FP 

THF FP/SD 

THF FP/SD 

"-max, Emax 

Inm IL mol-I em-I 

445 
752, 1300 
680 
613 
568 
446,28800 
422 
400 
612" 
596" 
578" 
540" 
498B 

455· 
425· 
412a 

~Q6a 

438 

551,7200 

434 
408 
430 
4068 

420 

430 

432 
415 

430 

630 

640, 16000 
620b

, 15000 
440,8000· 
640,16000 
440, 13000 

153. S-Benzoylnapbtbo[de-Z.3.4]bicyclo[3.Z.Z]nona-Z,6,S.triene 
EPA (103 K) LP 430 

380 
MCH (173 K) LP 430 

154. 9-Benzoyl-l0-nitroantbracene 
Benzene LP 
Benzene (293 K) LP 

EPA (77 K) 
EPA (77 K) 

EPA (77 K) 

FP 
FP 
LP 

J. Phys. Chem. Ref. Data, Vol.1S, No.1, 1986 

380 

431 a 

-450 

Comment Ref. 

70E288 
Two transitions were assigned with the 0-0 bands iden- 707230 
tified by their extinction coefficients; both transitions 
are assigned as 3B2" __ 3Bt; oscillator strength = 0.10, 
0.27 

Most intense peak at 455 nm 766652 

Solvent was 3: 1 EtOH to MeOH 68B005 

tTriplet ET to biacetyl, oxygen quenching; E relative 82E373 
to naphthalene in cyclohexane (E414 = 24500 L mol-I 
cm -I); TT = 1000",.8 

430 nm peak Wi13 the more intense; TT ~ 3.31 X 104 (oIoiS 

tOxygen quenching; rise time of 0.02 ± 0.004 ns 

TT = 170",.s 

TT = 3800 p..s 
*Oxygen quenching; rise time of 0.052 ± 0.002 ns 

to:xygen quenching 

84BI10 

82D338 

177635 

82E338 

82E338 
777635 

777635 

tOxygen quenching (6.6 X 1010 L mol-I S-I); 50 JJ.S 78E534 
delay; TT 480 ",.8 
tOxygen quenching; 50 ""S delay; TT = 380 ILs 78E534 

tOxygen quenching (6.6 X 1010 L mol-I 8- 1); 50",.8 79E304 
deJay; 'TT = 390 ILs 

tPh08phorescence decay, oxygen quenching 81F390 

tPhosphorescence decay, oxygen quenching; TT = 1.0 81F390 
ILs 

Delay 400 ns 
170 ps delay; growth followed at 452 nm; rise time of 
(82 ± 6) X 10-3 ns 
TT = 1.6 X 104 ",.s 
1T = 1.6 x: 10" (0105 

80E884 
80B084 

80B084 
80D884 
84F385 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

ISS. 2-Benzoylpyridine 
PFMCH FP 

156. 3-Benzoylpyridine 
PFMCH FP 

157. 4-Benzoylpyridine 
PFMCH FP 

158. t-Benzoyl·3,3,3-trinuoroacetone 
EtOHlMeOH (118 K) FP 

159. BeiIzyl9·antbroate 
Acetonitrile 

Benzene 

FP 

FPI? 

160. t.BeiIzylisoqainoline-N -oxide 
EtOH FP 

161. Benzyl pbenyl ketone, conjugate acid 
Sulfuric acid LP 

Amax , Emu 

Inm IL mol-I em-I 

633 

425 

430,63000 
410,28000a 

392 

35~ 

Comment Ref. 

Shoulder at 539a nm; 331 nm peak was the more in- 747390 
tense; TT = 480 ,",S 

fPhosphorescence decay; 305 nm peak was the more 747390 
intense; 'TT = 110 JLS 

tPhosphorescence decay; most intense peak at 319 nm; 747390 
"phenyl-4-pyridyl ketone"; TT = 240 ,",S 

Solvent was 3:1 EtOH to MeOH 68B005 

Radical anion (Affi8Jl = 550 nm) also observed; 'TT = 80A030 
1100 ,",S 

E method unspecified; TT = 6100 JLS 80A030 

727105 

5 mol L -) H2SO .. ; solvent was 4: I water to acetonitrile; 84E456 
pKa 0 .. 35 ± 0.05 

162. 3·BeiIzyl.3-pbeoylphenantbro[9,10-b ]furao.2(3H)-ooe 
Benzene LP 490· tOxygen quenching and triplet ET to 84E520 

163. 3·Beozyl.3,4,S·triphenyl-2(3H).furanooe 
Benzene LP lET 

164. Biacetyl 
2-PrOH 

Benzene 
Benzene 

Benzene 

Benzene 

FP 

PR 
PRIET 

PRIET 

PRIET 

I-methylnaphthalene 

375 ± 5, 14000 ± 2800 .Oxygen quenching; E relative to benzophenone in 84E520 
benzene (Em = 7600 L mol-I cm- I); TT = 8.2 ± 1.2 

1060 
910 
800 
725 
330 
304 
210 
317 
315,6200 

315,6600 

315,5160 

JLS; ket = 2.7 X 109 L mol-I S-I 

tOxygen quenching; delay 0 J,LS 

tPhosphorescence half-life; half-life = 120 ,",s 
tPhosphorescence decay; e relative to 
benz{a]aothraeene in eyclohexane (E480 = 25100 L 
mol-I em -I); author reported the mean of 2 mea· 
surements with this and another ref. empd. as 6400 ± 
1600 L mol- I em-I 
*Phosphorcsccnce decay; e lCJlltivc to llutlUIII,;CUC in 
cyclohexane (E420 = 57200 L mo)-I em-I); author re
ported the mean of 2 measurements with this and an
other ref. cmpd. as 6400 ± 1600 L moJ-1 em-I 
( relative to benzophenone ketyl radical in cy
clohexane (Emax = 3700 L mol-I cm-I); E obtained 
from 8 simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben
zene Em .. ratios of 1.83 for naphthalene and 1.45 for 
anthracene 

697092 

680386 
680727 

680727 

71E360 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

EtOH 

Liquid paraffIn 

165. 9,9' .Bianthryl 
MeOH 

166. 9,9' ·Bicarbazole 

Method 

FP 

LP/RF 

FP 

LP 

Cyc10hexane FP 

Hexane FP 

167. Bif1uorenylidene 
Liquid paraffin FP lTD 

MCH/Isopentane (77 K) FP 

168. Bilirubin 
Benzene 

169. Biliverdin 
Acetone 

170. Biliverdin, dimethyl ester 

PR/ET 

PR-ET/ET 

Benzene PR·ET lET 

171. 1,1' .Binaphthyl 
2-MTHF LP-ET 

2-MTHF (123 K) LP-ET 

2-MTHF (83 K) 

Benzene (299 K) 

Toluene 

172. 2,2' -Binaphthyl 
Benzene (299 K) 

LP-ET 

PR/ET 

PR 

PR/ET 
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Amax , Emax 

Inm IL mol-I cm- I 

1056 
916 
796 
720 
330 
310 
220 
740, 1760 

317 

425 

440, "> 11 0000 

440 

500,8800 

610· 

610· 
5308 

4158 

3958 

530· 
415" 
3958 

615b
, 12000 

6088 

605 

637· 
601" 
4:501>, Z4UUU 

440" 

Comment Ref. 

tOxygen quenching 697092 

E relative to biacetyl in 2-PrOH (Ens = 1710 L mol-I 84E162 
cm- I

); TT = 3.4 ± 1.0 J.ts 

Solvent viscosity was 0.03 N·s/m1 58EOOl 

776431 

tTriplet ET to anthracene; carbazyl radicals (Amlllt = 78A368 
600 nm) also observed: 'TT = 120 JLS 
tOxygen and piperylene quenching; "dicarbazyl" 757573 

tPhosphorescence decay in MCH/lsopentane glass at 767488 
77K; solvent was "viscous paraffin", viscosity 1.75 P; 
TT = (2.2 ± 0.2) X 103 J.tS 

tPhosphorescence decay; glass was 1:1 MCH to iso- 767488 
pentane by volume; TT = (0.94 ± 0.03) X 106 J.Ls 

tTriplet ET from biphenyl and to J3-carotene, oxygen 761168 
quenching (8.2 X 108 L mol-I s-'); E relative to bi-
phenyl in benzene (EJO' - 27100 L mol- I em-I); half-

life 9 /-Ls; ET = -150 kJ mol-I; ket = 4.4 X 109 L 
mol-I S-I 

tTriplet ET from biphenyl; E relative to biphenyl in 79E136 
benzene (E360 = 27100 L mol- I em-I), assuming «'ref 

independent of solvent; more intense maximum below 
400 nm not observed; half-life = 11.7 /-Ls; ET = - 90 kJ 
mol-'; ket = 7.4 X 109 L mol-I S-I 

tTriplet ET from biphenyl; E relative to biphenyl in 79E 136 
benzene (€;60 = 27100 L mol 'cm I); half-Ufe = 6.7 
/-Ls; ET = -90 kJ mol-I; k"" = 1.05 X 1010 L mol- I s-' 

tTriplet ET from benzoquinone, oxygen quenching, 777241 
triplet quenching; 2 /-is delay; shoulder at 550 nm 
tOxygen quenching, triplet quenching; 10 fLs delay 777241 

tOxygen quenching, triplet quenching; 14 ms delay 777241 

Shoulder at 407a nm; E relative to benzophenone in 741006 
benzene (Em.s = 7630 L mol-I cm- I) 
tTriplet ET to fluorenone, oxygen quenching; 2 /-Ls 771048 
delay; TT 14,...,s 

Shoulder at 554a nm; E relative to benzophenone in 741006 
benzene (Em.s 7630 L mol- I em-I); 440 nm was the 
most intense peak 
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T A HI ,F. 6_ Spectral Darameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

173. Biphenyl· 
2-PrOH/lsooctane/Et20 
(81 K) 

·3-MH (77K) 
3~MP 

3-MP (77 K) 
Acetone 
Alcohol/Ether (77 K) 

. Benzene 

Beniene 
Boric acid 
BuOH (-80 .K) 

BuOH( -SO· K) 
cyclohexane 

Cyclohexane 

Cyclohexane 

·EPA (77 K) 

EtOH/EtzO(77 . K) 

EtOH/MeOH (113 K) 

Ethyl acetate 

Tfexane(300 K) 
~iquid· paraffin 

~iquid paraffin (290 K) 
PMMA 
PYA 

Method 

FP 

PR 
PR 

PS/ESR 
PR 
MOD 
PR/ET 

PR 
PS 
FP/COM 

FP/IV 
PIVIH 

PRIET 

PR/F.T 

PS/KM 

MOD/KM 

FP/SD 

MOD/SO 
FP 

PR 
PR 
FP 

Amax , fll\llJl 

/nm /L mol-I em-I 

375 
360 

375,282()(} 
360 
370 
359,27100 

370 
360 
363,300" 

363,250" 
361.3,33wO 

361.3, 37700 

361:3,42800 

63OS, 1600'" 
577·,2000" 
529·, lS00"' 
488-,2100-

·4SSa,19()()& 
428-,1500-
370, 35S00 
35,.; 27000-
365, 7000" ± 2100 

625·,500a 
571-, 800-
526-,.75Q-
484, 1200-

452a,9ooa 
·.·424-,600" 
370, 50000 ± 10000 
352·;.3000OS 
360 

360,.38500 
368.5 
352 
363 
·370 
365 

Comment Ref. 

tphosphorescence decay; glass was 1:3:3 2-PrOH to 81B119 
isooctaneto Et20 
lPhosphorescence decay; TT :::::: 3.7 X 106 J.t.s 771059 
GC3f1O - 16600 L mol-I em-I I (100 ~V <lb~ocb1:;d); 64BOO6 

half-life :::::: 3.4 ,""S 
lESR; oscillator strength =. -0.27 69B002 

710186 
Glass was 2:1 alcohol to ether 76E682 
E . relative to benzophenone ketyl radical in cy- 71E360 
clohexaIie (fmax = 3700 L mol- 1 em-I); E obtained 
from. a simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben-
zene Ell\Uratios of 1.83 for naphthalene and 1.45 for 
anthracene; corrected Amn quoted from reference 
[78Z194] 

761024 
Glass 777388 
Eestimated from numerical simulation of triplet state 67BOI0 
kinetics; TT = (3.93 ± .0.1) X .106 

,""S 

E estimated by extrapolation toittfmite excitation rate 67B01O 
E relative to anthracene in cyclohexane (E.uo = 57200 L 680727 
mol':" l em-I); author reported mean of 2 measurements 
(this one and another with a different ref. cmpd.)p" 
35400 ±. 8850 L mol-I cm"-I·· 

Erelative to benz[aJanthracene ineyclohexane (E480 = 680727 
25100 L mol-lcm-I);authorreportedmeanof2mea~ 
surements (tbisone and another WithaditTerent ref. 
cmpd~) 85_ 3S400·±8SS0 Lmol-lcm~1 
E relative. tobenzoP.henone ketyl·. radical in. oy~ 71B360 
clohexane (Emu = 3700 Lmol- I em-I); referenceE 
obtained by starting from fmU = 3220 L Diol-ICOl.,-1 
for this ketyl radical in water and assuniing the fof the 
ketyl radicalis independent of solvent; final.E obtained 
from a simultaneous least squares fit to data from 
several compounds . 
Two electronic bands, the 2nd· starting at37U run; ·747347 
E-method assumed on basis of earlier work by authors; 
oscillator strength = 0;07,·0.42 

Glass was 2:1 EtOH· to EtiO; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 
jPhosphorescence decays; shoulders at 685 and 334~ 70E290 
nm.;glass was 3:1 EtOH to MeOH;three electronic 
states were tentatively. assigned as 3 At, 3B.ig, and 3 Ai 
for the 0-0 bands of 6SS, 484, QIld 370 nm, respeotively; 
Tlwas 3Bi';. 

O.81JS. deJay;G(triplets) estimated assuming f indepen
dent of solvent 
TT = 130 ±5 p.s 
Solventviscosity·wasO.03 N.s/m2; relative intensities 
(100:69) . 

761080 . 

69E208 
58EOOI 

Delay 20 p,s; TT = S5 IJ.S 700277 
692001 

Stretched polymer film; polarized spectrum obtained 776279 
with some structure 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

PYA (81 K) 
Polystyrene 

Polystyrene (77 K) 
Polystyrene 
Toluene/EtOH (77 K) 

Method 

FP 
PR 

COM 
PR 
MOD 

·174. Biphenyl-dlO 

EtOH/Et20 (77 K) MOD/KM 

175. 4-Blphenylcarboxaldehyde 
Alcohol/Ether (77 K) MOD 

176. Biphenylene 
Benzene 

Cyclohexane 

PR/ET 

FP-ET/SD 

177. 2-Biphenylphenylbenzoxazole 
Benzene LP /SD 

178. 2-(4-Biphenylyl)benzoxazole 
Pentane LP lTD 

179. 1-(4-Biphenylyl)-3-chloro-l·propanone 
Benzene FP 
CCI4 FP 

180. H2-Biphenylyl)-1-phenyletbylene 
Cyclohexane LP I? 

181. 2-(4-Biphenylyl)-5-phenyl-l,3,4-oxadiazole 
Benzene LP 

182. 2-(4-Biphenylyl).5-phenyloxazole 
Dioxane LP lTD 

Pentane LP/TD 

Amax, Em .. 

/nm /L mol-I em-I 

373a 

375 

370 
385" 
366a 

365,7000 ± 2100 

440 

350, 10000 

339, 10000 

560,45000 

460, 2500 ± 250 

425 
425 

370, 17000 ± 3000 

510 

530, 61000 ± 250 
498" 
455" 
426" 
540, 71500 ± 250 
499" 
417" 

183. 5"-[1,1' -Biphenyl]-4-yl-l,l ':4',1' ':3", 1" ':4" ',1'" '-quinquepbenyl 
2-PrOH/lsooctane/Et20 FP 576-
(81 K) 533" 

AlcohollEther (77 K) 

184. 2,2'.Biquinoline 
Water/EtOH 

MOD 

FP 
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498-
455" 
349-
572 
446 

600-
460a 

420" 

Comment 

tPhosphorescence decay 
GE = 11000 L mo]-I cm- I / (100 eV absorbed); TT = 
2 X 104 ,."s 

Method was "photolysis" 
GE385 = 6000' L mol-I cm- I / (100 eV absorbed) 
Glass was 19: I toluene to EtOH 

Ref. 

81B119 
672086 

69200] 
701073 
719059 

G]ass was 2:1 EtOH to Et20; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 

G]ass was 2: I alcohol to ether 76E682 

tTriplet ET from naphthalene and triplet ET to an- 720464 
thracene; E relative to naphthalene in benzene (Em.. = 
13200 L mo]-I em-I); half-life = 80,."s 
tTriplet ET from naphthalene and triplet ET to an- 720464 
thruccnej'l'"l - 100 /A-Sj oscillutorstrcngth - 0.13 

tOxygen quenching (1.5 X 109 L mol-' s-'); 100 ns 777265 
delay; "PBBO"; TT = 0.325 ,."S 

Shoulders at 536",495", and 405" nm; TT = 0.70 ± 0.07 82E632 
IL~ 

tPhysical quenching by free radical; TT = 140,."s 
tPhysical quenching by free radical; TT = 90 ,."S 

tOxygen quenching; TT = 1.75 ILs 

83P212 
83P212 

78E448 

tOxygen quenching (1.0 X 109 L mol-I S-I); 100 ns 777265 
delay; TT = 0.460 fLS 

TT = 0.62 ± 0.06 ,."S 82E632 

TT = 0.35 ± 0.04 ,."S 82E632 

tPhosphorescence decay; glass was 1:3:3 2-PrOH to 81B119 
isooctane to ether; most intense peak at 455 nm; 
"1,3,5-tris(biphenyl-4-yl)benzene"; TT = 2.2 X 106 ,."s 

Glass was 2: 1 alcohol to ether 76E682 

Solvent was 3:2 water to EtOH by volume; 20 fLs 79E799 
delay; pH 7.5 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am8• , Emax 

Inm /L mol-I cm- I 

185. 6,6' .Biquinoline, conjugate diacid 
Water/EtOH FP 590a 

450" 

186. 2,2' ·Biquinoline, conjugate monoacid 
Water/EtOH FP 610" 

415" 

187. 6,6' -Biquinoline, conjugate monoacid 
Water/EtOH FP 580S 

410" 

18!t Rh:(2,2 ' .bipyridine)diehloroiridiumOID ion 
DMFIWater LP 577" 

554a 

490S 
470S 
4588 

4428 

431a 

DMFIWater LP 600' 
5bY 
505& 
4698 

4548 

Water LP 4888 

468a 

459" 
439a 

189. 2,S-Bis(5-terl-butyl-2-benzoxazolyl)thiophene 
Benzene LP/SD 520, 160000 

190. 4,4' -Bis(dimethylamino)benzophenone 
EtOH FP 500" 

405a 

191. 6,6' .Bis(dimethylamino)-3,3 ' -diethyl-2,2 ' -thiacarboeyanine iodide 
BuOH FP 700" 

192. 1,7-Bis(dimethylamino)-1,4,6-heptatrien-3-one 
PrOH FP 800 

193. 2,S-Bis[7-(dimetbylamino)-2,4,6-beptatrienylidene]cyclopentanone 
Toluene FP 850 

730 

194. 1,9·Bis(dimethylamino)-1,3,6,8-nonatetraen-5-one 
PrOH FP 750 

Toluene FP 820 
610 

195. 1,9-Bis(dimetbylamino)-1,4,6,8-nonatetraen-3-one 
PrOH FP 550 

Comment Ref. 

Relative intensities (1 :2) ; solvent was 2: 1 water to 79E799 
EtOH by volume; 20 ,.,.S delay; pKa = 3.8 ± 0.5; pH 1.2 

Solvent was 3:2 water to EtOH by volume; 20}Ls 79E799 
delay; pKa = 5.8 ± 0.5; pH 0.4 

Relative intensities (1:2); solvent was 3:2 water to 79E799 
EtOH; 20 JLS delay; pK8 = 5.6 ± 0.5; pH 5.0 

Shoulders at 5288 and 5098 nm; solvent was 9: 11 di- 79B098 
methylformamide to water 

Shoulders at 534",4398
, and 4198 nm; solvent was 19:1 79B098 

dlmethylformamide to water 

Shoulder at 4198 run 79B098 

*Oxygen quenching (2.1 X 109 L mol-I S-I); 100 ns 777265 
delay; "BBOT"; TT = 0.240 ,.,.S 

*Triplet ET to naphthalene, oxygen quenching; decay 777603 
measured at 500 nm, lifetime = 25 }Ls in cyclohexane; 
"Michler's ketone"; TT = 20 ,.,.s; ket = (9.9 ± 0.1) X 
109 L mol-I S-1 

777036 

tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 

*Oxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 

*Oxygen quenching and triplet ET from anthracene 83E737 
and benzo[rstJpentaphene and to azuIene, perylene, 
and tetracene 
tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetrllcene 

*Oxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 

J. Phys. Chem. Ref. Data, Vol. 15, NO.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amu, 
Inm 

Comment Ref. 

196. all-trans .1,lS.Bis(dimetbylamino)-1,3,6,8,lO,12,14-pentadecabeptaen-5-one 
Toluene FP 630 tOxygen quenching and triplet ET from anthracene 83E737 

and benzo[rst]pentaphene and to azulene, perylene, 

197. 2,6-Bis[S-(dimethylamino)·2,4-pentadienylidene ]cyclohexanone 
Heptane FP 8868 

7828 

619" 
PrOH FP 950 

680 

Toluene FP 910 
640 

198. 2,S.Bis[S-(dimethylamino)-2,4-pentadienylidene 1cyclopentanone 
Toluene FP 900 

635 

199. 2,6.Bis[3-(dimethylamino)-2-propenylidene]cyclohexanone 
PrOH FP 800 

Toluene: PI' 

200. 4,4' .Db(ditnetbylalllillo)thiolrell£Ophellolle 

Benzene LP IRA 

750 

600 

490 ± 5, 7200 ± 1400 
335 ± 5, 14400 ± 2900 

201. all-trans-l,13-Bis(dimethylamino)-1,3,S,8,10,12-tridecabexaen·7-one 
Toluene FP 900 

670 

202. all-trans ·1, 13-Bis(dimethylamino)-1,3,6,8,10,12-tridecabexaen-S·o ne 
PrOH FP 740 

Toluene FP 600 

203. all-trans.l,11-Bis(dimethylamino)-1,3,6,8,lO.undecapentaenoS-one 
PrOH FP 870 

Toluene FP 680 

204. Bis(dimethylformamide)phthalocyaninatoruthenium(II) 
Acetonitrile LP 527" 

205. Bis(dlmetbylsulfoxide)phtbalocyaninatoruthenium(II) 
Acetonitrile LP 4858 
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and tetracene 

tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 
tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 
tOxygen quenching and triplet ET from anthracene 83E737 
i:lnd benzu[rst]pentaphene and to azulene, perylene, 
and tetracene 

.Oxygen quenching and triplet ET from anthracene 63E737 
and benzo[rst ]pentaphene and to azulene, perylene, 
and tetracene 

tOxygen quenching and triplet ET from. anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 
fOxygcon quconehing and triplcot ET from anthracene 83B737 

and benzo[rst ]pentaphene and to azulene, perylene, 
and tetracene 

E relative to benzophenone in benzene (Em.s = 7630 L 84A221 
mol-I em-I), taking CPT = 0.4 at 337 nm excitation and 
taking CPT = 1 for benzophenone; TT = 1.3 ± 0.1 ,""S 

tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 

tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 

and tetracene 
tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 

tOxygen quenching and triplet ET from anthracene 83E737 
and hen7o[r~t]pE"nt9phenp. J'lnn to J'I'7.ulene. flerylene. 

and tetracene 
tOxygen quenching and triplet ET from anthracene 83E737 
and benzo[rst]pentaphene and to azulene, perylene, 
and tetracene 

Another maximum at 359" was near a SO region; TT 83E262 
0.165 ,""S 

Another maximum at 352" nm was near a SO region 83E262 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol- I cm- I 

206. Bis(dimetbylsulfoxide)pbtbalocyaninatoruthenium(II)/l,4-Dinitrobenzene 

207. 

208. 

209. 

210. 

21t. 

212. 

213. 

214. 

215. 

216. 

Acetonitrile LP 5258 Triplet exciplex; another maximum at 4098 nm was 83E262 
near a SD region 

1,+Bls(metbyllllDinu)llDthnlquinullt: 
Benzene PR-ET/ET 550,20000 tTriplet ET from biphenyl; E relative to biphenyl in 761122 

benzene assuming ground state dimerizationj TT = 5.9 
I's; ET = 97 - 151 kJ mol-I; ket = 8.1 X 109 L mol- I 
S-I 

1,1-Bis(1-naphthyl)ethylene 
Benzene LP-ET 444a fTriplet ET from xanthone and oxygen quenching; TT 84BOO7 

= 0_22 I-lS 

trans -1,2-Bis(1-naphthyl)ethylene 
Benzene LP/ET 530 ± 3, 30000 ± 4500 tQuenching by oxygen, a nitroxide free radical, and 84E237 

azulene; E relative to fluorenone in benzene (E435 = 
6000 L mol-I ern-I); TT = 0.91 ± 0.14 J'S; kel = (7.4 
± 1.1) X 109 L mol-I S-I 

Bromobenzene LP 535 ± 3 TT = 0.67 ± 0.10 I's 84E237 

trans -1,2-Bis(2-naphthyl)ethylene 
Benzene LP/ET 430 ± 3,20000 ± 3000 fQuenching by oxygen, a nitroxide free radical, and 84E237 

azulene; E relative to fluorenone in benzene (Em = 
6000 L mol-I ern-I); TT = 0.21 ± 0.03 J.Ls; k.t = (7.7 
± 1.2) X 109 L mol-I S-I 

Bromobenzene LP 435 ± 3 TT = 0.17 ± 0.03 J.Ls 84E237 

9,lO-Bis(phenylethynyl)anthracene 
Acetonitrile LP-ET -4!s0" lTriplet ET from benzophenone; delay 5 I's 82E509 

rac -Dis[ l-(l-pyrenyl)ethyl]ether 
Hexane LP 5138 Most intense peak at 415 nm 83B137 

4798 

415 
390 

Bonellin 
BtOH (298 K) LP/TD 6258,40000a fTriplet ET from anthracene, oxygen quenching (1.7 80E593 

443b
, 9500 ± 500 X 108 L mol-I S-I); TT = 430 ± 50 I's; ET = 180 ± 

39OS, 10000" 20 kJ mol-I; k.t = (2.0 ± 1.0) X lOB L mol- I S-I 

Brilliant Sulfaflavine anion 
EPA CWL/SD 575, 1800 GJass was 1:1 mixture of standard EPA and EtOH 73E346 

9-Bromoanthracene 
Acetonitrile LP 4248 tOxygen quenching; 424 nm peak was the more in- 84BllO 

400a tense; TT = 19.5 I's 
Benzene PR/ET 430,48000 E relative to naphthalene in benzene (EIIl8l. = 17500 L 690087 

mol-I cm- I) 
Benzene PRIET 430,47700 E relative to benzophenone in benzene (ES32-S = 10300 690087 

L mol-I ern-I) 
Cyclohexane FP 425 TT = 43,.,.s 62E009 
Cyclohexane PR 425 690087 
Cyc10hexane FP/SD 423.5, 66500 ± 3250 E method assumes linear variation of triplet spectrum 767147 

in SD region 
Dioxane PR 425 690087 
EPA (77 K) LP 430 TT = 200 I's 84Bll0 

405 
Liquid paraffin FP 419 Viscosity of solvent was 0.167 N·s/m2; TT = 110 J.LS 62EOO9 

4-Bromobiphenyl 
Toluene PR 390 lOxygen quenching; TT = -4 J.Ls 80A235 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "'max, Emax Comment Ref. 
Inm IL mol-I cm- l 

217. ....Brolllu·l-cyalloi1iuquilluline-N -uxide 

Cyclohexane FP 
EtOH FP 

427 
420 

TT = 1.7,..,s 
TT = 4.0,""s 

727105 
727105 

21 R_ N _[2_[ (2-Rromo-"-cYAno..L.nitrophE.'nyl)azo ].S.[ (2..eyanoethyl)(2.hydroxyethyl)amino )-4..methoxyphenyl]acetlUDide 

2-MTHF (103 K) LP 680 Shoulder at 780 nm; triplet not observable above 211 80B101 
410 K; below 116 K lifetime constant; TT = 130 ,""S 

Dibutyl terephthalate LP 685 lPossibilities other than triplet character excluded; TT 80B101 
G =Mn~ 

Glycerol triacetate LP 685 Shoulder at 780 nm; TT = 0.014 ILS 80B101 
G 

Glycerol triacetate LP 685 Shoulder at 790 nm; below 221 K lifetime constant; TT 80BI01 
(203 K) G = 83 ILs 

219. N -[2-[ (2-Bromo-4,6-dinitropbenyl)azo ]-5-[(2-cyanoethyl)(2-hydroxyethyl)amino ]-4-methoxyphenyl]acetamide 
1,3-Dibromobenzene LP 700 Shoulder at 780 nm; TT = 0.010 p.s 

390 
80B 10 1 

1-Phcuylclhauu) LP 700 

400 
2-MTHF (103 K) LP 700 

G 

2-MTHF LP 800-700 
2-PrOH LP 800 .. 700 
Biphenyl/Diphenyl ether LP 700 

420 
Dibutyl terephthalate LP 700 

G 
Glycerol triacetate LP 695 

G 
Glycerol triacetate LP 720 
(203 K) 
PMMA LP 680 
0-Terphenyl/Diphenyl LP 695 
ether 400 

220. 4-[ (2-Bromo·4,6-dinitropbenyl)azo J-N,N ·dimethylbenzenamine 
2-MTHF (103 K) 

Glycerol triacetate 
(203 K) 

LP 

LP 

221. 4-Bromoisoquinoline-N -oxide 
Water FP 

700 
410 

700 

382 

222. Bromo(metbanol)(phtbalocyaninato)rbodium(III) 
Acetonitrile/2-PrOH LP/SD 64Qb,9oo 

590b
, 22000 

223. l-(Bromometbyl)naphtbalene 
LP 426 

224. I-Bromonapbthalene 
CTAB LP/TD 425, 11500 

400", 7()(X)a 

Cyclohexane FP 424 
Cyc10hexane (77 K) PS 414.5 

392.0 
EhO/Pentane (77 K) PS 415.5 

393 
Ethylene glycol FP 420 

398 
378 
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Shuulder at 780 nm; TT 0.012 p.s 

tOxygen quenching; triplet virtually not observable 
above - 273 K; below 111 K lifetime constant; TT = 
100 tJ-G 

TT = <0.008 J..tS 
TT 0.012 J.Ls 
Shoulder at 800 nm; solvent was 1:3 biphenyl to diph
eny] ether; TT = 0.008 p.s 
lPossibilities other than triplet character of the tran
sient excluded; shoulder at 750 nm; TT = 0.026 p.s 
Shoulder at 770 nm; TT = 0.012 ILs 

Below 220 K lifetime constant; T'T 100 ,",,8 

SOB101 

80B101 

80B101 
80B101 
80B101 

80BI01 

80BI0l 

80B101 

Shoulder at 740 nm 80B101 
Shoulder at 780 nm; solvent was 1:1 o-terphenyl to 80B101 
diphenyl ether; TT = 0.010 JLs 

Lifetime measured at 138 K: triplet not observable 80BI01 
Above 138 K; below 100 K lifetime (5OO~) oonstant; 

TT = 0.014 p.s 
Lifetime measured at 247 K; triplet not observable 80B101 
above 247 K; TT = 0.020 ,",,8 

TT = 0.96 p.s 

Solvent was 2.6 mol L -1 2-PrOH 

Sulvent Willi dthcl- MeOH 01 cYl,;lolu::Aauc 

Aqueous micelle; E method corrects for TT
annihilation in micl"lIar I"nvironment and gives lIf1f1l"r 

limit; shoulder at 370 nm; TT 50 ,",,8 

TT = 270 ,""S 
Relative intensities (2:1) 

Relative intensities (2: 1) 

Relative intensities (100:60:25): TT = 830 ± 140 p.s 

727105 

83F4OS 

S .... A222 

81N070 

62EOO9 
69E211 

69E211 

61E005 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules.in condensed phases - Continued 

No. Solvent Method Am .. , Em .. Comment Ref. 
Inm IL mol-I cm- I 

Hexane FP 419 Relative intensities (100:55:20); TT = 83 ± 14/-Ls 61E005 
398 
375 

Hexane LP 425 Delay 500 ps 82E303 
Toluene PR 420 tOxygen quenching; TT = -9 /J-S 80A235 

225. 2·Bromonapbtbalene 
Cyclohexane FP 425 TT = 150/-Ls 62E009 
Cyclohexane (77 K) PS 417 Relative intensities (100:55: 10) 69E211 

390 
370 

EPA (77 K) PS 421.8 tPhosphorescence decay 51EOOJ 
EPA (77 K) FP 423 55E002 

398 
Hexane FP 417.5 54EOOJ 

392.9 
Hexane FP 417.5 Relative intensities (100:61:29) 58EOOl 

394 
372 

Liquid paraffin FP 423 Viscosity of solvent was 0.167 N·s/m2; TT = 2300 JLs 62E009 

226. 4-(2.Bromo-4-nitrophenyl)azo ].N,N .dimethylbenzenamine 
2-MTHF (77 K) LP 700 Triplet not observable above 125 K; below 106 K life- 80B101 

400 time constant; TT = 100 IJ-s 
EPA (89 K) LP 710 80BIOl 

390 
EtOH/MeOH (113 K) LP 700 Solvent was 4:1 EtOH to MeOH 80B101 

390 
Glycerol triacetate LP 680 Lifetime measured at 247 K; triplet not observable 80B101 
(203 K) 400 above 247 K; TT = 0.014 JLS 
MCHIToluene (113 K) LP 700 Solvent was 1:1 MCH to toluene 80B101 

390 
PMMA LP 690 80B101 

227. 9.Bromophenanthrene 
Cyclohexane FP 482.5 TT = 115 ,..,S 62E009 
Liquid paraffin FP 482.5 Viscosity of solvent was 0.167 N·s/m2; TT = 7tO J.Ls 62EOO9 

228. 1.Bromopyrene 
EtOH (293 K) LP 505a More intense absorption below 425 nm 697226 

4768 

229. trans -4-Bromostilbene 
2-MTHF (135 K) LP 392 First peak most intense; TT = 0.02 tJ.s 79E378 

373 
352 

2-MTHF (135 K) LP 392 Triplet absorption not observable above 135 K; re- 79E640 
373 ported lifetime constant below 104 K; TT = 480 J.Ls 
352 

3-MP (88 K) LP 393 79E640 
376 

355 
EPA (130 K) LP 393 First peak most intense; TT = 0.02 /-Ls 79E378 

372 
355 

EPA (l08 K) LP 393 Triplet absorption not observable above 130 K; re- 79E640 
372 ported lifetime constant below 97 K: TT = 500 J1S 
355 

EtOH (138 K) LP 391 Relative intensities (4:3:1); triplet absorption not ob- 79E640 
372 servable above 143 K; reported lifetime constant be-
352 Jow 115 K; TT 480 J.Ls 

EtOH (143 K) LP 391 First peak most intense; TT = 0.1 IJ-s 79E378 
372 
352 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

EtOH/MeOH (103 K) LP 

Glycerol (286 K) LP 

Glycerol (193 K) LP 

Glycerol triacetate LP 
(233 K) 

Glycerol triacetate LP 
(243 K) 

MCH/Isohexane (114 K) LP 

MCH/lsohexane (77 K) LP 

230. 2-Bromotriphenylene 
EtOHlMeOH (113 K) FPITD 

231. 2-Butanone 
Methylene chloride LP 

232. Butyl benzoylformate 
Benzene (298 K) LP 

233. 4-tert -Butyl-3,S-dinitroanisole 
CF3CH2OH LP 

234. 2.[l-(Butylimino)ethyl]-S-methylphenol 
Benzene (295 K) LP 

235. 2-tert -Butyl.4-methylindazole 
EtOH (103 K) MOD/SD 

EtOH (178 K) MOD/SD 

236. N -Butyl·S-nitro-2-furamide 
2·.t'rUH (29M K) LP 
Acetonitrile (298 K) LP 
CCI4 (298 K) LP 
MeOH (298 K) LP 
Water (298 K) LP 

237. I-Butynylbenzene 
Isopentane/2-PrOH PS 
(77 K) 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Arnall , Ernax 

/nm /L mol-I cm- I 

392 
372 
352 
395 
375 
354 
395 
375 
354 
390 
370 
352 
390 
370 

352 
392 
372 
352 

392 
372 
352 

430, >8000 

245 

451" 
430' 
400" 

505 ± 5 
498 ± 5 
500 ± 5 
515 ± 5 
!II' ± , 

2558 

Comment Ref. 

Solvent was 4:1 EtOH to MeOH 79E640 

First peak most intense: TT 0.03 /-ts 79E378 

Relative intensities (4:3:1); triplet absorption not ob- 79E640 
servable above 286 K: reported lifetime constant be-
low 209 K; TT = 450 /-ts 
Triplet absorption not observable above 243 K; reo 79E640 
ported lifetime constant below 207 K; TT 440 p,s 

First peak most intense; TT = 0.03 /-Ls 79E378 

First peak most intense; TT = 0.3 p,s 79E378 

Solvent was 1:1 MCH to isohexane by volume; triplet 79E640 
absorption not observable above 114 K; reported life-
time constant below 100 K; 7T = 450 p,s 

Solvent was 3:1 EtOH to MeOH; lower limit assumes 67BOO4 
total ground state depletion 

tPhosphorescence decay and oxygen quenching; TT = 84B051 
1.4 J.Ls 

84A030 

tQuenching by oxygen and tetramethyldiazetine diox- 84E033 
ide; TT = 3.5 p,s 

tOxygen quenching and triplet ET to compound by 727374 
triplet donors 

Shoulders at 3888 and 2948 nm; another maximum < 716244 
250 nm; TT = (9.1 ± 0.8) X 105 p,s 
Shoulders at 3933 and 280" om; another maximum < 716244 
250 nm; TT = (1.9 ± 0.3) X 104 p,s 

7T = 0.037 J.Ls 
tQuenching by oxygen and azulene; TT = 0.26 p,s 
TT = 0.052 J-Ls 
TT = 0.022 J.Ls 
TT 0.019 J.LS 

tESR; glass was 7:3 isopentane to 2-propanol by vol
ume; "1.ethyl-2-phenylacetylene"; by assuming that 
radical formation occurs only from T· and that it is 
wavelength-independent, the author devise an ESR 
method that determines the shape of ITA even in the 
SD region 

84A263 
84A263 
84A263 
84A263 
84A263 

68B007 
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TABLE 6. Spectral parameters for triplet-triplei absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama. , Emu Comment Ref. 
Inm IL mol-I cm- I 

238. Butyraldebyde 
Pentane LP 355 tTriplet ET to 2,5-dimethyl-2,4-hexadiene; both peaks 81E442 

320 have the same decay and quenching behavior and are 
attributed to a single species; TT = 0.210 Its; ket = (1.5 
± 0.2) X 1010 L mol-I S-I 

239. 9-Butyrylanthracene 
EPA (77 K) FP 430 TT = 3.42 X 104 /Ls 82E338 

240. Cadmium(II) tetrabenzoporphyrin 
Pyridine FP 500 73E345 

415 

241. Cadmium(1I) tetraphenylporphyrin 
MCH FP/TD 490,57000 tOxygen quenching; TT = 265 j.Ls 81E271 

415,22000 

242. Caffeine 
Water LP-ET 351 tTriplet ET from acetone; TT = 4.5 its; pH 7.1; ket = 82B045 

5.6 X 109 L mol-I S-I 

243. Campboroquinone 
2-PrOH FP 1060 tTriplet ET from benzophenone, triplet ET to anthra- 697092 

908 cene, and oxygen quenching; another maximum .;;;200 
790 nm; delay 0 Its 
702 
630 
-500 
320 
276 

Benzene FP 1070 tTriplet ET from benzophenone, triplet ET to aothra- 697092 
916 cene, and oxygen quenching 
796 
706 
638 
404 
314 

CCl4 FP 1068 tTriplet ET from benzophenone, triplet ET to anthra- 697092 
916 cene, and oxygen quenching; another maximum .;;;220 
796 om 
705 
638 
590 
500 
316 
280 

244. Canthaxantbin 
FP-ET 541" tTriplet ET from anthracene; it was not reported 733001 

whether the solvent was hexane or benzene; Jjfetime 
Wil:!i lllCCl:!UlCd in hCAilUC; TT = 7.1 p.~ 

Benzene PR-ET 555 tTriplet ET from naphthalene; TT = 3.8 itS 80A143 

245. Carbazole 
2-MTHF (77 K) PS/ESR 433, 12200 tESR; only most intense visible peak reported; osciI- 696115 

lator strength encompasses two electronic transitions; 
oscillator strength = 0.18 

Benzene FP 4188 84F248 
Cyc10hexane FP/? 43'\·, 14000" I' determination unspecified; 'rT = 167,...s 77AI7S 

400", 12500" 
Cyclohexane FP/ET 420, 14500 E reJative to naphthalene in cyclohexane (Em = 24500 78A368 

L mol -I cm - I); carbazyl radicals (E600 = 7000 L mol-I 
cm-I) also observed; TT = 170 Its 

J. Phys. Chern. Ref. Data, Vol.1S, NO.1, 1986 
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I Alllt () Spn'lnlf P;ll'lIl1WlerS for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

Cyclohexane 

EPA (77 K) 

EPA (77 K) 

EtOH (77 K) 

EtOH 

Hexane 
PMMA (77 K) 

246. 3-Carbethoxypsoralen 
Benzene 

Benzene 
EtOH 

EtOH 

Water 

Water 

Water 

Water 
Water 

247. Carbostyril 
EPA (77 K) 

EtOH/Water 

Glycerol 
Liquid paraffin (268 K) 

Method 

LP 

PS 

PS/KM 

MOD/KM 

FP 

MOD/KM 

FP 
CWT. 

PR/ET 

LP 
LP/ET 

LP/ET 

LP/ELT 

PR/ELT 

LP/ELT 

LPITD 
LP 

PS 

FP 

FP 
FP 

..I.Phys. Chem. Ref. Data, Vol.1S, No. 1,1986 

Am.x , (max 

Inm /L mol-I cm-1 

-62oa 
420 

428 
406 
4318

, 14300 
4078

, 11200a 

425, 19000 ± 4700 
406, 14000 ± 3500 
318,7000 ± 1700 
305, 5700 ± 1400 
639 
-480 
4258 

4058 

425, 10100 :± 4000 

420 
510S 

430a 

41S8 

3788 

407" 
590S" 
5Doa 
45ot',6800 
370a 
450b, 5457 

6058 

'90" 
450b, 3700 ± 900 
400a 
6058 

590a 
450b

, 3150 
400' 
605" 
590" 
4S0b

, 3700 ± 900 
400" 
450b,2000 
6128 

5788 

3978 

427" 

Comment Ref. 

tRises with fluorescence decay; relative intensities 80E023 
(1 :8); shoulder at 4OOnm;Sn <I- SI absorption also 
recorded (11.620 20000L mol- 1 cm-I) 
tPhosphorescence decay; TT (8.0 ± 0.2) X 106 its 67E106 

Shoulders at 5068 and 37S8 nm; two electronic bands 747347 
were assigned: the 1st was the shoulder at 506 nm with, 
f 0.06, and the 2nd started at 431 nm;E-method 
assumed, on basis of earlier work by authors; oscillator 
strength = 0.24 

737055 

Most intense peak at 425 nm 766421 

Glass was .2:1 EtOH .. toEtlO; temperature wo.a not 719059 

explicitly stated, but 77 K was infer:redfrom the con-
text 
tOxygen and piperylene quenching 757573 
Mnst inten!le pe:ak4~0 nm R~Z042 

tTriplet ETfrom biphenyl, oxygen quenching (1.9 X 
lQ9 L mol- 1 S~I); (relative to biphenyl in benzene (El67 

= 27100L mol,,:,1 cm-I); TT = 20 }Ls 

tOxygen quenching and tripletET from biphenyl 
tTriplet ET to retinol, oxygen quenching (2.7 X 109 L 
mol- I S-I); (relative to retinol in hexane (E405 = 80000 
L mol-1 em-I) assuming E independent of solvent; TT 

= S.5t-tS; /(et 9.6 X 10& L mol-I S-I 
E relative to retinol, but actual reference.( used . was not 
specified; TT = 5.6 its . 
tOxygen quenching (3.0 X 109 L mol-I S-I); (relative 
to radical anion (t:600= 2'00 L mol-I em-I) wsliuming 
electron transfer from tyrosine 100% efficient; TT = 17 
its 
tOxygen quenching (3.0 X 109L mo)-I 8-1);E relative 
to radical anion (£600 = 2500 L mol-l cm- t); TT = 17 
}Ls 

tOxygen quenching (3;0 X· 109 L mol-I S"':I); ( relative 
to radical anion «(4O(j=2000L mol- 1 em-I) assuming 
electron transfer from tryptophan 100% efficient; 'TT = 
17 }Ls 
TT 5 its 
,tOxygen quenching 

82E133 

84B025 
82E133 

83E324 

82EI33 

82EI33 

82E133 

83E324 
84B025 

Phosphorescence decay; shoulder at.465~ nm; TT = 9.6 717171 
X.lOs its 
Solvent was 7:3 EtOH to water; peaks were of almost 737046 
equal· intensity 
Shoulder at 488a nm 717171 
446 nm was the more intense peak 717171 



TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 71 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol-I em-I 

Water FP 451' ShuuluCl at 476" lllU; 451 1ll1l Wi1S the IUUIC iutcw.c; 737046 
431" peak; 1"T = 17/ks 

248. Carbostyril, negative ion 
Water FP 460· Shoulders at 478" and 440· nm; 1'T = 30 ILs; pH 14 737046 

249. 4-Carboxybenzophenone 
Water LP/RA 535,6600 iPhosphorescence decay; carboxylate anion form; E 81A314 

525b
, 6150 relative to benzophenone in benzene (E525 = 7630 L 

mol-I em-I) assuming triplet yields of unity for both 
species; corresponding ketyl radical (E570 5500 L 
mol-I em-I) and radical anion (E660 = 8000 L mol-I 
cm -I) also measured; lifetime limited by ground state 
quenching; TT 5.0-6.7 I1-s; pH 7 

250. ll-cis-f3-apo -14' -Carotenal 
Hexane (298 K) LP/SD 470 ± 5,90000 ± 10000 "11-cis-C22 aldehyde" 84B026 
McOH LP-ET 490 tTIiplcL ET flUIIl i1UtlUill,,;t:UC 84B026 

251. f3-apo-14' -Carotenal 
Acetonitrile PR/RF 490,112000 "all-Irans-Cn aldehyde"; E relative to compound in 79E546 

cyclohexane (E470 = 121000 L mol- 1 em-I) assuming 
oscillator strength independent of solvent; 1'T = 11.9 
J.Ls 

Benzene PR/RF 490, 119000 E relative to compound in cyclohexane (E470 121000 79E546 
L mol-I cm- I) assuming oscillator strength indepen-
dent of solvent; 1'T = 8.3 I1-s 

Benzene LP 485 82F477 
CF3CH2OH LP-ET 510 tTriplet ET from anthracene; 1'T = - 17 ILs 83E026 
Cyclohexane PR/ET 470, 121000 E relative to biphenyl in cyclohexane (£361.3 = 42800 L 79E546 

mol- I em-I); 1'T = 7.llLs 
Cyclohexane LP 473 82F477 
Cyclohexane LP-ET 475 iTriplet ET from anthracene; solution 0.08 mol L -I in 83E026 

(CF3hCHOH; H-bonded species shows as a shoulder 
around 510 nm; 1'T = 8 11-8 

DFMeOH LP~ET 560 iTriplet ET from anthracene; 1'T = > 40 I1-s 83E026 
Hexane LP/SD 470, 127000 19100 E assumes triplet does not absorb where singlet de- 78E72t 

pletion is followed; '7"1' 511-s; ET = -148 kJ mol-I 
MeOII PR/RP 475, 149000c c: relative to compound in cyclohcxallc (C410 = 121000 79D546 

L mol- J cm- I
) assuming oscillator strength indepen-

dent of solvent; 1'T = 10.3 ILs 

252. B-aoo -8' -Carotenal 
FP-ET 5173 tTriplet ET from anthracene; it was not reported 733001 

whether the solvent was hexane or benzene; lifetime 
was measured in hexane; 1'T = 10 ILs 

Hexane LP-ET/SD 520,223000 ± 33500 tTriplet ET from biphenyl; E assumes triplet does not 78Ent 
absorb where singlet depletion is followed; 1'T = 2.5 
/ks; ET = ~ 122 kJ mol-I 

253. 15,15' -cis-IJ-Carotene 
FP-ET :5or lTriplet ET from anthracene; it was not reported 733001 

whether the solvent was hexane or benzene; lifetime 
was measured in hexane; shoulder at 499" nm; 1'T = 7.1 
/kS 

IIc]!;anc PR/DT 515,250000 ± 37500 iTriplc:t DT from biphenyl, e relative to biphcnyl in 776oH2 

cyclohexane (E361 42800 L mol-I em -I), assuming 
authors used standard for cyclohexane; 1'T 5.9 ± 0.6 
/ks; ket = (2.0 ± 0.20) X 1010 L mol-I S-I 

254. f3-Carotene 
Acetic acid LP-ET 512 fTriplet ET from hematoporphyrin; 1"T = 9 J.Ls 8lBl15 
Benzene (296 K) LP-ET 526 Triplet ET from chlorophyll a; oxygen quenching (3.6 73E347 

X 109 L mol-I S-I); 1'T = 5.9 ILS; ket = 1.2 X 109 L 
mol- 1 S-I 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 



72 I. CARMICHAEL AND G. L. HUG 

"1'/\111.1 (). Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

Benzene 
Benzene 
CTAB/Triton X-100 

Carbon disulfide (293 K) 

Hexane (188 K) 
Hexane (298 K) 

Hexane (293 K) 
Hexane 

Hexane 
Hexane 

Hexane 

255. ,-Carotene 
Cyclohexane 

Method 

LP-ET 
PR 
LP 

LP 

FP-ET 
FP-ET 

LP 
PR/ET 

PRISD 
PR/ET 

PR/ET 

PR/ET 

256. !3-opo-8' -Carotenoic acid, methyl ester 
? FP-ET 

Emax 

Inm IL mol-I cm- I 

520 
540 
525 
475 
550 

522 
514 

515 
515, 170000 ± 40000 

515,230000 
515, 130000 ± 10000 
482a 

515, 242000 ± 36300 

445,81000 

257. 4-(fj-apo -7 / -Carotenyl)benzyl pyropheophorbide 
Toluene LP -540 

258. Chalcone 
Heptane LP 430 ± 15 

259. Cbloranil 
1,2-Dichloroethane LP/RA 510, 7200 ± 1300 

370, 4700a 

1,4~Dioxane LP/RA 515, 5800 ± 100 

Acetone FP 520 
503 
471 

Acetonitrile FP 510 
487 
479 
372 

Acetonitrile LP/RA 510, 7700 ± 300 

Benzene FP 516 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 

Comment 

tTriplet ET from anthracene; TT = 8.0 ± 0.5 ,""S 

Surfactant ratio 1:2 CTAB to Triton X-lOO; mixed 
aqueous micelle; 'TT = 4 ~s 
tTriplet ET from chlorophyll a; TT = 15 ,.,.s; ket = 4 
X 109 L mol-I S-I 
tTriplet ET from benz[a]anthracene; TT = 300 ,""S 

tTriplet ET from chlorophyll a, tetracene, 
benz[a )anthracene, and anthracene; the data presented 
is for anthracene; TT = 70 ~s; ket = 1.1 X 1010 L mol-I 
S-I 

tTriplet ET from chlorophyll a 
E relative to naphthalene in cycIohexane (Em.s = 22600 
L mol-I cm - I), exact ref. used by author not stated but 
surmised; 'TT = 9 ~s 
7'T = 9,""s 
tTriplet ET from naphthalene and oxygen quenching; 
shoulder at 453a nm; E relative to naphthalene in cy
clohexane (Em = 24500 L mol-I em-I), except au
thors used 412.5 nm as reference A; TT = 9 ,.,.s; ket = 1.5 
X 1010 L mol-I S-I 

tTriplet ET from biphenyl; E relative to biphenyl in 
eyclohexane (E361 = 42800 L mol-I em-I), assuming 
authors used standard for cyclohexane; TT = 5.9 ± 0.6 
,."s; ket = (1.8 ± 0.18) X 1010 L mol-I S-I 

Ref. 

767094 
761024 
80N033 

69N001 

66E089 
66E089 

69NOOI 
703001 

703001 
713035 

776412 

tTripletenergy transfer from biphenyl; E r~lative to 761035 
biphenyl in cyclohexane (E361 = 42800 L mol-I em-I); 
7'T = 23,."s; ET = <123 kJ mol-I; ket = 1.4 X lOla L 
mol-I 5- 1 

~Triplet ET from anthracene; it was not reported 733001 
whether the solvent was hexane or benzene; lifetime 
was measured in hexane; shoulder at 4978 nm; 7'T = 8.3 
,."S 

7'T = 4.63 J-Ls 82B094 

"1,3-Diphenyl-2-propen-l-one"; 7'T = 0.013 ,."S 83E347 

tOxygen quenching; lifetime measured for the 510 nm 776335 
band; E relative to benzophenone in benzene (Ems = 
7630 L mol- I em-I) and aMuming 4>T (or oblora.nil is 

unity; TT = 5.6 ,.,.S 
E relative to benzophenone in benzene (Em.s = 7600 L 79A178 
mol- 1 em -I) assuming <l»T = 1.0 for chloranil in 
lA-dioxane; subsidiary peak at 740 nm dne to complex-
ation with solvent; TT 3.4 ,.,.S 

727069 

727069 

E relative to benzophenone in benzene (Em.s = 7630 L 78A195 
mol-I em -I) assuming q>T = 1 for chloranil in ace-
tonitrile; Eref assumed from earlier work 

727069 



No. 

260., 

261. 

262.' 

263. 

264. 

265. 

TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 73 

TABLE 6. 'Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method 

Butyronitrile LP/RA 

Cyclohexane LP 
Cyclohexane FP 

Dioxane, LP/RA 

EtOH' LP' 
MeoH FP 
THF FP 
Trichlorotrifluoroethane FP 

ChloranU/Triphenylamine. 
-BenzeneIMeOH(293 K) ·'LP 

Benzene (293 K) LP 

Chloroalumiilum phthalocyanine 
Dimethylacetamide- LP/SD 
/Water 
Dimethylsulfoxirle/Water ' LP/SD 

l·Chloroanthracene-
Benzene PR/ET 

'Benzene PR/ET 

Cyclohexane FP 
Cyclohexane PR 
Dioxane PR 
Hexane FP 

Hexane FP 

Liquid paraffin FP 

l~Chloroanthr8quino~e 
EPA (77 K) LP 

EtQH LP 
Toluene LP 

2-Chioroanthraquiriooe 
EPA (77 K) FP 
Toluene LP 

Chlorobenzene 
Cyclohexane LP 

. Cyclohexane Lp/RA 

Amax , Emu 

Inm IL mol-1cm- 1 

510,7570 
480 
380 

500 
539 
507 
495 
474 
515, 5800 ± 300 

500 
;..;500 

-500 
522 

, :507 
497 
473 

,410, 
,379 

650 
550 
650 
550" 

437.5, 60900 

437.5,66500 

425 
430 
432.5 
430.7 
407.5. , 
431 , 
407.5 
419 

480S 
3758 

380" 
4958

, 

3858 

376& 
381" 

295" 

300, 6250 ±. 300 

Comment 

tOxygen quenching; E'relative to the chloranil,radical 
anion in acetonitrile (Emu = 9700 L mo)-I cm-I); other 
peakS of roughly equal intensity at 480 and 380nm; TT 

= 6.31J.S 
TT = 2.0 ±0.3 /Ls 

Ref. 

'79B061 

697272 
727069 ' 

E relative tobenzophenone in benzene (Em.s = 1630 L 78A195 
mol- 1 cm - I) assuming cPT = 1 forchloranil in dioxane; 
Erer,assumed from earlier work 
tOxygen and anthracene quenching:TT =1.2 J,l.S 

·tOxygen quenching; TT = 30 IJ.S 

697272 
727069 
727069 
127069 

650 nmband was the more intense; solvent was 19:1 ' 81E715 
benzelle to~MeOH; T'I' = 0.04 IJ.S 
650 nmbandwasthe more intense; TT= 0.067 IJ.S ,81E715 

Solvent was 7:3 dimethylacetamide to water 

Solvent was 8:2 dimethylsulfoxide to water 

Erelativetobenzophenone in benzene (Em.s = 10300 
L mol::lcm~l) 
E relative to naphthalene in benzene (Emai =17500 L 
Iilol- I cm-:"I) 

TT= 670 IJ.S 

Relative intensities (100:25) 

83E088 

83E088 

690087 

,690087 

62EOO9 
690087 
690087 
54EOOI 

S8EOOI 

ViscQsiWofsolven~was 0:167N.s/m2; TT,= 42001J.S 62EOO9 

tPhosphorescence decay; delay SOOns; 375 nm was the 
more int~llsepeak; 'TT = 170 ± 10 #AS 

83E016 

Delay 50 n5 .', 84A2S3 
tphosphorescence deca)rirtEPA at 77 K; delay 300.ns;' 83E016 
385nm was-more intense peak 

tPhosphorescence decay; TT = 3400 /Ls 83E016 
tPhosphorescence decay ill EPA at 77 K; delay300n~ ,83E016 

tTripletET to piperylene, oxygen quenching (4.5 X 707561 
109L mol:-'ls~I); 400nsdelay; TT =:= 0.48,.,.s , ' 
E relative to naphthalene in cyclohexime(~J4·= 24500 84E529 
Lmol-1 cm-I),takingO~64 for cPT of chlorollenzene 
and 0.7S for naphthalerie;TT == [6 ± ,0;I,.,.s . 

:J~Phys~Chem~Ref. Data, Vol. 15, No.1~1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

266. 4·Cblorobenzopbenone 
Acetonitrile/W ater 

Method 

LP/ET 

267. (2'-Clducu1n::llz.uyl)aminu-2-~'-thhu.ulint: 

Cydohexane (293 K) FP /RA 

268. (4' -Chlorobenzoyl)amino-2-42-tbiazoline 
Cydohexane (293 K) FP IRA 

"max, Emax 

/nm /L mol- I cm- I 

535,7000 
320,12800 

557, 11600 

563, 16900 

269. 4-Cbloro-6-[ 4-(dietbylamino)pbenyl]-N ,N -dimetbyl-l,3,S-triazin-2-amine 

Comment Ref. 

Solvent was 9:1 acetonitrile to water; E relative to 84B033 
I-methylnaphthalene in acetonitrile/water (Em = 
11200 L mol- I cm- I ) 

tTriplet ET to biacetyl, oxygen quenching; E relative 82E373 
to naphthalene in cydohexane (E414 = 24500 L mol-I 
cm- I 

); TT = 2000,.,.s 

tTriplet ET to biacetyl, oxygen quenching; E relative 82E373 
to naphthalene in cyc10hexane (E414 = 24500 L mol-I 
em-I ); 'TT = 2000 p.s 

EPA (77 K) PS 485 tPhosphorescence decay; TT = 4.2 X 106 ,.,.s 83E427 
83E427 PMMA (293 K) PS 490 

270. N -[2-[ (2-Cbloro-4,6-dinitropbenyl)azo ]-5-[ (2-cyanoetbyl)(2-bydroxyetbyl)amino ]-4-metboxypl\enyl]acetamide 
2-MTHF (108 K) LP 690 Shoulder at 780 nm; lifetime measured at 189 K; triplet 80B101 

410 not observable above 189 K; below lOOK lifetime ( 
1000 ,.,.s) constant; TT = 0.091 ,.,.S 

Oibutyl terephthalate LP 690 Shoulder at 770 nm; TT = 0.028 tJ.S 80BJOl 
400 

Glycerol triacetate 
(203 K) 
Glycerol triacetate 

LP 

LP 

690 

695 
400 

271. 3-Cbloro-2,6-dipbenyl-l,4-benzoquinone/4-Metboxy-N ,N -dimetbylaniliDe 

Shoulder at 780 nm; below 216 K lifetime constant; TT 80B101 
= 500 IJ.S 
Shoulder at 780 nm; TT = 0.020,.,.s 80BIOI 

Benzene (293 K) LP 560 560 nm peak was the more intense; TT = 0.083 ,.,.s 
460 

81E715 

Benzene/MeOH (293 K) LP 460 

272. 3-Cbloro-2,6-dipbenyl-l,4-benzoquinone!Napbtbaiene 
Benzene (293 K) LP 600 
Benzene/MeOH (293 K) LP 600 

Solvent was 19:1 benzene to MeOH; TT == 0.056,.,.s 8lE715 

TT = 0.11 ,.,.S 
Solvent was 19:1 benzene to MeOH; TT = 0.091 ,.,.S 

8lE7l5 
8lE715 

273. 3-Cbloro-2,6-dipbenyl-l,4-benzoquinone/ N,N ,N' ,N' -Tetrametbyl-p-phenylenediamine 
Benzene (293 K) LP 620 550 nm peak was the more intense 8lE715 

BenzenelMeOH (293 K) LP 
550 
620 
570 

274. 3-Cbloro-2,6-diphenyl-l,4-benzoquinone/l,2,3-Trimetboxybenzene 
BenzenelMeOH (293 K) LP 460 
Benzene (293 K) LP 560 

460 

275. 3-Cbloro-2,6-dipbenyl-l,4-benzoquinone!Tripbenylamine 
Benzene (293 K) LP 650 

BenzenelMeOH (293 K) LP 

276. Cbloroindium(III) pbtbalocyanine 
Oimethylacetamide- LP /SO 
/Water 

550 
650 
550 

490, 23000 

277. Cbloro(metbanol)(phthalocyaninato)rbodium(IID 
Acetonitrile/2-PrOH LP/SO 640b,900 

590b, 22000 

J. Phys. Chem. Ref. Data, Vol.1S, No.1, 1986 

570 nm peak was the more intense; solvent was 19:1 81E7l5 
benzene to MeOH 

Solvent was 19:1 benzene to MeOH; TT = 0.37 ,.,.S 

560 nm peak was the more intense; TT = 0.63 ,.,.s 

550 nm band was the more intense; TT = 0.16 ,.,.S 

81E715 
81E7l5 

8lE715 

650 nm band was the more intense; solvent was 19:18lE715 
benzene to MeOH; TT = 0.077 ,.,.s 

Solvent was 7:3 dimethylacetamide to water 84A122 

Solvent was 2.6 mol L -I 2-PrOH 83F405 
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TABLE. 6. Spectral parameters for triplet-triplet absorption of organic. molecules in condensed phases - Continued 

No. Solvent Method 

278. l~(Cbloroinethyl)naphthalene 

Cyclohexane LP 
MeOH LP 

279. l-Cb)oronaphthalene 
l-Chloronaphthalene 

Cyclohexane 
Cyclohexaite (77 K) 

Cyclohexane 

.. Durene (77· K) 

Hexane 

Hexane (293 K) 
. PMMA(294K) 

280. l-Cbloronsphthalene 
Cyclohexane 
Cyclohexane(17 • K) 

EPA (77 K) 

PMMA (294 K) 

FP-ET 

FP 
PS 

LP/ET 

PS 

PS 

FP-ET 

LP 
FP 

FP 
PS 

PS 

FP 

281 ~ 3,;Chloro-l-(1-naphthyl)-1-propanone 
Benzene FP 
CC4 FP 

282. 1.;.(2-CblorophenyI)naphthalene 
3:"MP (77 K) PS/ESR 

283. 1-(4-Cbloropbenyl)naphthalene 
3-MP (77 K) PS/ESR 

284. CbloropbyU Q 

Acetone 
Benzene 
Cyelohexanol 

Cyelohexanol (294 K) 

Digitonin (293 K) 

EtlO 
Heptane 

Heptane 

LP/SD 
FP 
FP 

LP 

LP 

FP/SD 
FP/TD 

FP/TD 

Am"" , Ema. 

Inm IL mol-I em-I 

422 
422 

427 
403 

420 
413.5 
319 
420, 20700 ± 3000 

424.5 
400 
419 
395.5 
374.5 
424 
397 
380 
4238 

5248 

420 
414 
411 
392.5 
390 
370 
420.7 
397 
5788 

5328 

425 
400 

495.9500 
46s8,7100a 
433a,39Q08 

505,32500 
4728; 15SQ08 
435·, 7400a 

460,56000 
460 
465 
360 
1150 
750 
670"' 
510"' 

. 430b, 40000 
480b

, 17700 ± 3000 
470b; 23000 ± 3000 
460~, 24000 ± 4000 
480b, 17100 ± 3000 

Comment 

tOxygen quenching 
tTriplet ET from benzophenone and thioxanthane 

tTriplet . ET from benzophenone; 30 ,."S delay; evi
dence for triplet excimer at long wavelengths 
presented; relative intensities (3:2); 'TT = 20,."s 
'TT = 280,."s 
Relative intensities (10:6) 

Ref. 

84A222 
84A222 

767159 

62EOO9 
69E211 

tTriplet ET from TMPD;E relative to TMPD in cy- 757282 
dohcxane (Cs70 - 11900 L rriol- I c;m -I) 

Single crystal 67B008 

Relative intensities (10:6: 1) 69E211 

tTriplet ET from benzophenone; 30,.,.s delay; relative 767159 
intenSities· (6:3: 1) 

Delay sOOps 
Shoulder at 552 nm8

; 'TT = (1.4 ± 0.1) X lOs ,."s 

'TT =180,.,.s 
Relative intensities (10:-:6:-:2) 

tPhosphorescence decay . 

Shoulder at 6378 nm; 'TT = (2.5 ± 0.2) X lOs ,.,.s 

'TT·= 220 i-'s 
'TT= 251,."s 

tESR; oscillator strength = 0.12 

tESR; oscillator strength 0.29 

Half-life = 150 ± 40 J.l.S 
Half-life = 600 ± 180 ,."S 

Half-life = 500 ,.,.s 

82E303 
69BOO4 

62EOO9 
69E2il 

51EOOI 

69BOO4 

83P212 
83P212 

69ROO2 

69BOO2 

84R057 
55EOO3 
55EOO3 

81B111 

tOxygen quenching (2.4 X 108 Lmol- I S-I); aqueous 69NOOI 
micellar suspension; 'TT = 830.,."s 

Solution contains pyridine; E method assumed 

Solution contains ether; E method assumed 

67E027 
77Cool 

77Cool 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method hmax , Emu Comment Ref. 
Inm IL mol-I cm- I 

MeOH FP 462 Half-life = 200 ± 50 f.Ls 55E003 
42-'(7) 

390(?) 
MeOH FP 550 550 nm maximum was judged to be of "doubtful sig- 58R002 

450 nificance" by the experimenters 
Polyvinylbutyral (77 K) LP 472" 80E867 
Polyvinylbutyral (77 K) FP 460· Polymer film; TT = 2 X 103 f.Ls 82E129 

425a 

Pyridine (298 K) FP/SD 530, 17800 TT = 1500 f.Ls 58ROOI 
462,32000 

Pyridine LP/COM 540,35000 Triplet concentration calculated by kinetic simulation; 79B037 
460, 48000 Sn ~ SI spectrum also resolved (E440 = 68000 L mol-I 

em-I); E460 corrected from text 
Pyridine LP 450a TT = 70 f.Ls 81F121 
SHS LP 740" Aqueous microemulsion, droplet radius - 100 A; dif- SONOS7 

465 ference spectrum only; TT = 800 f.Ls 

285. Chlorophyll b 
3-MP FP/SD 450b,26000 67E027 
Benzene FP 482 Half-life = 1300 ± 300 f.Ls 55E003 

440 
420(?) 

Benzene FP '80 440 and '80 nm maxima were judged to be of "duubl- 58ROO2 

475 ful significance" by the experimenters 
440 

Benzene FP 480 430 nm maximum was judged to be of "doubtful sig- 58R002 
430 nificance" by the experimenters; benzene was wet 

Benzene FP/SD 316-,36500- TT = 2500 Ils 59B002 
EhO FP/SD 450b

, 21000 67E027 
MeOH FP 496 Half-life = 100 ± 40 f.Ls 55£003 

454 
420(1) 
390 

MeOH/Water FP -700 Solvent was 19: 1 MeOH to water 55ROOI 
-525 
-405 

Pyridine (298 K) FP/SD 605, 12100 TT = 3200 f.Ls 58ROOI 
550,21500 
485,34700 
445, 26000 
380, 19700 

286. Chlorophyll a dimer 
Heptane FPrrD 480b, 13500 ± 4000 Solution contains ether; E method assumed 77COOI 
Heptane FPrrD 480b, 17700 ± 3000 Solution contains pyridine; E method assumed 77COOI 

470b, 21500 ± 4000 
460b, 25000 ± 4000 

287. Chlorophylline 
Water FP 520 Sodium salt 65R023 

470 

288. cis -4-Chlorostilbene 
EtOH (123 K) LP 390 Triplet state absorption observed only after repetitive 79E640 

370 ( - 30) flashes 
347 

289. trans ·4-Cblorostilbene 
EPA (l08 K) LP . 391 Triplet absorption not observable above 122 Kj re- 79E640 

370 ported lifetime constant below 93 K; TT 104 jJ.s 
346 

EtOH (103 K) LP 390 Triplet absorption not observable above 135 K; reo 79E640 
369 ported lifetime constant below 111 K; TT = 104 Ils 
348 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama~ , Emax Comment Ref. 
Inm IL mo}-I cm- 1 

Glycerol (197 K) LP 395 Relative intensities (3:2: 1); triplet absorption not ob- 79E640 
376 servable above 275 K; reported lifetime constant be-
355 low 202 K; TT = 5000 IJ-s 

290. 2-Cblorothioxanthen-9-one 
Benzene FP 650-670 tOxygen quenching (5.5 X 109 L mol-I S-I); 'TT 61 81A294 

IJ-s 

291. 6-Chloro-l,3,3-trimethyl.6 ' ·nitrospiro-(2,2 I ·indolin[2H -1 lbenzopyran) 
Toluene (298 K) FP 450 tOxygen quenching, activationless decay; assigned to 67BOO3 

7T -- 7T. transition in uncolored form 

292. Chlorpromazine 
2-PrOH LP 460 tTriplet ET to /3-carotene, oxygen quenching; peak at 767023 

510 nm assigned to dechlorinated radical; 'TT 3.2,...s 

293. 4-Cbromanone 
Benzene LP ",450"' 110 ps delay; 'TT = 0.3 IJ-Sj rise time of (50 ± 10) X 10-3 81E222 

ns 
EPA (77 K) FP 4278 tPhosphorescence decay 80E884 
EPA (77 K) FP 430a iPhosphorescence decay; 'TT = 93 X 103 ILS 81E222 
EtOH LP 5578 tOxygen quenching; shoulder at 51 P nm; 442 nm peak 80E884 

4428 more intense; delay 150 ns; 'TT = 0.406 /Ls 
EtOH LP 56QB 150 ns delay; relative intensities (1:2:3); 'TT = 0.4 ,...s; 81E222 

510S rise time of (50 ± 10) X 10-3 ns 
450" 

294. Chromone 
EPA (77 K) FP 650" tPhosphorescence decay; lifetime lengthens in polar 81E222 

glasses; TT = (35 ± 10) X 103 IJ-s 

295. Chrysene 
I-BuOH/Isopentane PS 583.0 A distinction between a 1:7 and a 3:7 glass was not 63Bool 
(77 K) 540.5 mlldc 

406.0 
2-MTHF (77 K) PSIESR 585,48600 tESR; shoulders at 571\ 5438

, and 4958 nm; the band 68D211 
461 8 ,3900a was assigned as 3 Ag __ 3Bu; oscillator strength = 0.40 
4188,6600a 

2-MTHF (77 K) PS 5868 Shoulders at 5748
, 5458

, and 4968 nm 69E21O 
46QB 
419a 

Benzene PR 575 761024 
Cyclohexane LP/ET 565, 21600 ± 2000 tTriplet ET to anthracene; E relative to anthracene in 757282 

cyclohexane (E422.5 = 64700 L mol-I cm- I) 
EPA (77 K) PS 584.1 fPhosphorescence decay; 1st transition assigned as JLa 51EOOl 

_3C
b 

EPA (77 K) PS 629 tPhosphorescence decay; relative intensities 54Bool 
583.1 (11:100:18:15); unresolved shoulders at 563 nm and 541 
406 nm; 'TT = (2.6 ± 0.2) X 106 IJ-s 
385 

EPA (77 K) PS 730 Weak bands in the red only studied 67BOO' 
625 

EPA (77 K) PS/SD 585,48000 ± 4800 68E105 
EPA (77 K) PS/IV 585,36200 AIIIlUI assumed from previous work; € estimated by ex- 69E212 

trapolation to infinite excitation rate 
EPA (77 K) PS 729.9 Relative intensities {6:3: 100:60:30: 12: to) 69E211 

625.0 
580.0 
559.9 
535.0 
400.0 
379.9 

EtOH (293 K) FP 562.5 68E098 
EtOH LP 560" 1.8 /Ls delay; solution contains Ag ions 78E554 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "-ma. , Em_. Comment Ref. 
/nm /L mol- I cm- 1 

EtOH/Et20 (77 K) MOD/KM 580,23100 6900 Glass was 2: 1 EtOH to Et20; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 

Hexane FP 554.9 54EOOI 
Hexane FP/SD 570,8800 Bands were assigned to 2 electronic transitions; 570 nm 58EOOI 

401, 18(1() band was assigned to the 1st electronic transitiOn; os-
378, 1500 cillator strength = 0.15, 0.025 

Hexane (77 K) PS 580.0 Relative intensities (100:30:12) 69E21 1 
534.8 
400.0 

Hexane (300 K) MOD/SD 564", 23S<XP Shoulder at 517" nm; in their later compilation 69E208 
400-,1700- [73E284], the authors normalize to Em = 48000 L 
285, 26200- mol- I cm- I which means all of their values reported 
254,25800· here should be multiplied by a factor of about 2; TT = 

710 ± 25 I-ts 
Polystyrene PR 569- GE~69 = 6500" L mol-I em-I / (100 eV absorbed) 701073 
Water/tert-BuOH FP 560" Solvent mixture contains "46%" tert-BuOH for solu- 767189 

bility: pH -6 

296. 9·Cinnamoylanthracene 
EPA (77 K) FP 430 "9-Anthryl styryl ketone"; TT = 3.43 X 104 p,s 82E338 

297. Cuppt:r(II) phtluducYWlint: 

l-Chloronaphthalene LP/TD 480 tTriplet ET to J3-carotene; TT 0.035 ± 0.005 p,s; ET 78A378 
470b, 3600 = 150 ± 10 kJ mol-I 

298. Coproporphyrin III 
MeOH/Water LP/TD 401", 144000" Solvent 9:1 MeOH to 7.4 phosphate buffer; shoulders 83E667 

at 373- and 326" nm 
Water LP/TD 401", 86100" Phosphate buffer; pH 7.4 83E667 

372",95800" 

299. Coproporphyrin III, tetramethyl ester 
Benzene LP/TD 44Ob,26OOO tOxygen quenching (1.6 X 109 L mol- I S-I); TT = 240 80E200 

401 8 
I-tS 

Bt:u£c:uc PR/ET 44d',27000 lOxygcn quene-bing (1.6 X 109 L mol -I ;!. -I); co relative. 80E2oo 

401 8 to biphenyl in benzene (Ej60 = 27100 L mol-I em-I); 1"T 

= 240 p,s 

300. Coproporphyrin I. tetramethyl ester 
Benzene PR/ET 44Ob,26500 tOxygen quenching (1.8 X 109 L mol- IS-I); E relative 80E200 

398" to biphenyl in benzene (E360 = 27100 L mol-I em-I); TT 

330' ::= 250 p,s 
Benzene LP/TD 44Ob,32000 tOxygen quenching (1.8 X 109 L mol-I S-I); 1"T = 250 80E200 

398" p,s 
330' 

301. Coronene 
2-MTHF (77 K) PS/ESR 484, 15800 tESR; only most intense visible peak reported; assign- 696115 

ment 3A j 3B2; oscillator strength 0.23 
FPI? 700b, 900 Method and solvent unspecified 78A163 

460, 15000 
Ben2ene PR 480 761024 
Dioxane LP 490 tRise time of transient was the same as the decay time 68BOO6 

of the singlet 
Dioxane LP 525 70E288 

480 
EtOH (293 K) FP 478 68E098 

EtOH LP 480' 1.8 ,....S delay; solution contains Ag ions 78E554 

EtOH/Et20 (77 K) MOD/KM 460, 14300 ± 4300 Glass was 2: 1 EtOH to Et20; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 

Hexane FP 630.1 Band at 461.9 was later assigned as Sn +- SI by authors 54EOOI 
490.2 in [737463] 
461.9 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules jn·condensed phases - Continued 

No; Solvent Method "'max , Emal< Comment Ref. 
Inm /L moI- l cm- 1 

Hexane FP/SD 524.5, HOd Band at.461 nm Wl'I!l. l'I!l.!l.ignp.iI to a !l.econd electronic 58EOOI 
480, 680d transition; band at 461nm was iaterreassigned as Sn +-

461, l000d SI by authors in [737463]; oscillator strength 0.02 
PMMA (296 K) LP 480 *Decay of singlet was roughly the same· as the .rise of 686058 

390 the transient 
PMMA LP 525 70E288 

480 
Polystyrene PR 459" GE4S9 = 7900" L mol- l cin- 1 I (100 eV absorbed) 701073 
Toluene LP 595 Delay 880 ns 737463 

565 
530 
495 

Water/2-PrOH FP 465" Solvent mixture contains "40%" 2-propanol for solu- 767189 
bility; pH -6 

302. Coronene-d12 

PMMA(77 K) PS/SD 637", 1030Qa 'TT 3.5 X 105 ".,S 69E216 
588",5100' 
5498 ,5400" 
483", 17S00a 
3988

, l34O()a 
PMMA(296 K) PS/SD 633&, 86()()8 'TT = 2.0 X lOs".,s 69E216 

5888
, 5200" 

5498
, 5400" 

4838
; 16800" 

3988
, 14600" 

303; COumarin 
Benzene PR/ET 400~ 11000 . tTripletET from biphenyl;·E relative to biphenyl in 79E282 

benzene{E367 = 27100 L mol-I em-I); 20ns delay; 'TT 

EPA (77..K) PS 460.8 
= 5& ,.u;k~, =5.4 X 109 L mol:-1 s-I 
*Phosphorescence decay; shoulders at 441a and 413a 71 BOO 1 

451 nm; most intense peaks were at 460.8, 432.1, and 406.5 
432.1 om; TT 2) X lOS IJ.S 

423 
406.5 
389" 

EPA CWL 46()S- Shoulder at 449" nm; glass, temperature unspecified 73E344 
433" 
417& 

:i 3928 . 

Water LP 400 0.1 ".,8 deiily; 'TT 1.3 ".,S 79E282 

304. p-Crca ... 

Water LP. .255a *Triplet ET to tryptophan; lifetime was measured at . 757161 
pH 7.5; there was a broad maximum between ~350 
and,...;420.nm; spectrum is the difference between 
spectra at 20 ns and 15 ".,s; 'TT = 3.4 ± 0.21J.S; pH 7.7 

105. a-Croeetin 
Water LPIET 470b

, 73000 tOxygen quenching; E relative to psoralen· in water 83B068 
44.5a; 948()()8 (f460 = 10000 L mol- 1 em-I); TT = 8/-LSi pH8 

306. Croeonate· Blue dianion 
EtOH LP-ET/SD 590b

, 25000 *Triplet ET from 9; 100dibromoanthracene and oxygen· 84N017 
quenching; 'TT 69 ".,s; ket = 4.5 X 109L mol- 1 F l 

Water LP-ET/SD 585b,20000 tTriplet ET from 9, 10-dibromoanthracene and oxygen 84N017 
quenching;'Tr =32 JLs 

307. Crystal Violet 
·PMMA (193 K) PS 640 Shoulder at 620 nu .. 59BOOI 
PMMA(77 K) PS 1280 65BOO4 

1210 
1100 
750 
640 

620 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

PMMA (77 K) 

308. 9-Cyanoanthracene 
Acetonitrile 
Acetonitrile 

Benzene 

Benzene 
Cyclohexane 
Cyclohexane 
Dioxane 

309. 4-Cyanobiphenyl 
Toluene/EtOH (77 K) 

310. 4' -Cyanochalcone 
Heptane 

Method 

PS 

FP 
LP 

PR/ET 

FP 
PR 
FP 
PR 

MOD 

LP 

311. trans -4-Cyano-4' -dimctbylamin06tilbene 

2·MTHF (133 K) LP 

Glycerol triacetate LP 
(198 K) 

"max, Emax 

/nm /L mol-I cm- I 

1241a 

613" 

433 
425 

435, 10300 

440 
425 
433 
432.5 

404" 

360 ± 15 

-700 
460 
-700 
460 

Comment Ref. 

Relative intensities (3:20); shoulder at 532" nm; solvent 69B003 
contains 2,chloroethanol 

TT = 560 j.LS 

tOxygen quenching; intersystem crossing promoted 
by thioanisole 
E relative to naphthalene in benzene (f:max = 17500 L 
mol- 1 em-I) 
TT = 530 j.Ls 

'TT = 1700 j.Ls 

Glass was 19:1 toluene to EtOH 

"4-(1-0xo-3-phenyl-2-propenyl)benzonitrile"; TT 

0.020 J.Ls 

737140 
83£025 

690087 

737140 
690087 
737140 
690087 

719059 

83£347 

80F299 

80F299 

312. N -[S-[ (Z-Cyanoethyl)(2-hydroxyethyl)amino ]-2-[ (2,4-dinitrophenyl)azo]-4-methoxyphenyl]acetamide 
2-MTHF (77 K) LP 700 tOxygen quenching; triplet not observable above 153 80BIOI 

313. 

314. 

Dibutyl terephthalate 
Glycerol triacetate 
Glycerol triacetate 
(198 K) 

PMMA 

LP 
LP 
LP 

LP 

trans-4.Cyano-4 I -methoxystilbene 
2-MTHF (143 K) LP 

EtOH (132 K) LP 

Glycerol triacetate LP 
(198 K) 
Glycerol (198 K) LP 

Glycerol triacetate LP 
(223 K) 

PMMA (298 K) LP 

l-Cyanonaphthalene 
Cyclohexane (77 K) PS 

Et20/Pentane (77 K) PS 

McOH FP 

315. 9.Cyano-l()..nitroanthracene 
Benzene LP 
EPA (77 K) LP 
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410 K; below 117 K lifetime constant; TT = 1000 J.Ls 
- 700 TT = .;;;0.012 J.LS 80BIOl 

80BIOl 
Lifetime measured at 268 K; triplet virtuaJIy not ab- 80BIOl 
servable above 268 K; below 213 K lifetime constant; 

-700 
680 
420 

660 

490 
410 
480 
420 

450 

490 
420 
450 

430 

413 
390 
445 
423.5 
412 
387 
440" 

TT = 0.025 J.Ls 
80BIO! 

T!iplct ab~oJ.vtiou not obsecvable above 143 K; below 80F299 

106 K lifetime (1 X 104 J.LS) constant; 'TT = 3.3 J.Ls 
Triplet absorption not observable above 132 K; below 80F299 
113 K lifetime (1.3 X 104 J.LS) constant; lifetime mea-
sured at 132 K; T'T - 5.0/As 
No triplet observed at room temperature; 'TT - 7(xx) 78B088 

J.Ls 
80F299 

Triplet absorption not observable above 238 K; below 80F299 
206 K lifetime (1 X 104 J.LS) constant; lifetime measured 
at 238 K; 'TT = 2.0 J.Ls 

Delay 3.0 jJ.S 

80F299 

69E211 

69E211 

736218 

80E884 
84F385 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax, Em .. Comment Ref. 
Inm IL mol-I em-I 

316. trans-4-Cyanostilbene 
2-MTHF (98 K) LP 405 Triplet absorption not observable above 127 K; below 80F299 

104 K lifetime constant; TT = 1 X 104 I-Ls 
EtOH (l18 K) LP 400 Triplet absorption not observable above 138 K; below 80F299 

110 K lifetime (1.7 X 1041J-s) constant; lifetime mea-
sured at 138 K; TT = 1.7 I-Ls 

Glycerol triacetate LP 405 Triplet absorption not observable above 239 K; below 80F299 
(198 K) 210 K lifetime constant; TT = 1 X 104 JLs 
PMMA (298 K) LP 395 80F299 

317. 1,3-Cycloheptadiene 
Benzene PR 310 TT = 0.39 JLs 82B057 

318. 2-CycJohepten-l-one 
Cyclohexane LP 270' iOxygen quenching; solvent uncertain; TT = 0.011 JLs 80B055 

" 

319. l-(l-Cyclohepten-l-yl)nllphthlllene 

Benzene LP-ET 443" iTriplet ET from xanthone and oxygen quenching; TT 84B007 
~7 

3813 = 0.053 JLs 

320. 2-(1-Cyclobeoten·l·yl)naobtbalene 

19 Benzene LP-ET 390" iTriplet ET from xanthone and oxygen quenching (7.0 84B090 
X 109 L mol- 1 S-I); TT =' 0.04 JLS 

321. 1,3-Cyclohexadiene 
Benzene LP-ET/TD 302.5, 2300 ± 300 tTriplet ET from 2-fluorenyl phenyl ketone and other 80B021 

triplet sensitizers; E assumes ET proceeds with unit 
efficiency; TT = 30 JLs; ET = - 220 kJ mol-I 

Benzene PR 310 TT = 5.2 JLs 82B057 

322. 2·Cyclohexen-l-one 
Cyclohexane LP/RA 270b

, )2100 iOxygen quenching (5 X 109 L mol-I S-I); solvent 80B055 
265" uncertain; E relative to benzophenone in benzene (Em 

= 7600 L mol-I em-I, <l>T = 1); E is lower limit since 
!l>T;;;; 1; TT = 0.023 IJ-s 

323. l-(1-Cyclobexen-l·yl)napbtbalene 
Benzene LP-ET 442" tTriplet ET from xanthone and oxygen quenching; TT 84B007 

= 2 JLs 

324. 1,3-Cyclooctadiene 
Benzene PR 315 7'T = 0.14 fA-s 82B057 

325. t-(1-Cyc)oocten·t-yl)naphtbalene 
Benzene Lp·ET 446a !Tripiet ET from xanthone and oxygen quenching; TT 84B007 

381a = 0.12 /-ts 

326. Cyc10pentadiene 
Benzene PR 300 TT 1.6 JLs 82B057 

327. 2-Cyclopentenone 
Cyclohexane LP/RA 270b, )1900 !Oxygen quenching (5 X 109 L mol-I S-I); solvent 80B055 

260" uncertain; E relative to benzophenone in benzene (Em 
= 7600 L mol-I cm -1, !l>T = 1); E is lower limit since 
<l>T;;;; 1; TT = 0.030 JLs 

328. l-(l-Cyclopenten-l-yl)napbthalene 
Benzene LP-ET 441" tTriplet ET from xanthone and oxygen quenching; TT 84B007 

= 3.6 its 

329. 2-(1-Cyclopenten.l-yl)naphthalene 
Benzene LP-ET 581a tTriplet ET from xanthone and oxygen quenching (3.3 84B090 

394" X 109 L mol-I S-I); 394 nm peak was the more intense 
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1.\ III I r, S,wl·lral 1';II;lIllctcr~ for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol- 1 cm- 1 

330. 1,2,3,4,5,6,7 ,8,9,10-Dccahydro-l,1 ,5,5,6,6,10,lO-octamethylcyclobuta[1,2;3,4 ]dicycloheptc:ne 

331. 

332. 

333. 

334. 

335. 

336. 

337. 

Benzene LP-ET < 300 tTriplet ET from 2,3-dimethyl-l,4-naphthoquinone; 81E098 
1'T = 0.24 J-ts; ET = > 120 kJ mole-I; ket = 7 X 109 L 

Decapreno.f3·carotene 
Benzene (296 K) LP-ET 

Benzene PR-ET 

Deoxybenzoin 
Benzene LP 

Benzene LP 

MeOH LP 

Deuteroporphyrin, dimethyl ester 
Benzene LP/TD 

Benzene PR/ET 

trans -N,N' -Diacetylindigo 
EPA (83 K) LP 

EPA (283 K) LP 

Glyc.~rnl triJH~pt::ltP TP 
(203 K) 

1,4-Diaminoanthraquinone 
Benzene PR-ET/ET 

3,6·Diaminophthalimide 
EtOH FP 

5,5' -Di.tert-amylthioindigo 
2·MTHF (93 K) LP 

2·MTHF LP 

EPA (77 K) FP 
EPA (93 K) LP 

EPA (283 K) LP 

Glycerol triacetate LP 
(203 K) 
Glycerol triacetate LP 

MCH LP 

PMMA LP 

595 

590 

500 
<390" 
450 
315 
495" 

440b, 22000 
410a 

440b,28000 
410" 

575a 

365" 

580" 
375a 

5&oa 

390' 

575.22000 

545 

595 
390 
590 
385 
590 
580 
370 
590 
370 

605 
390 
600 
385 
595 
380 
590 
390 

mol- 1 S-I 

Triplet ET from chlorophyll a; oxygen quenching (7.0 73E347 
X 109 L mol-I S-I); TT = 3.2 J-ts; ke! = 1.8 X 109 L 
mol-I S-I 

tTriplet ET from naphthalene; 1'T = 6.5 J.Ls SOA143 

tOxygen quenching (-2 X 109 L mol-I S-I); TT = 79A289 
>0.24 J-tS 
tOxygen quenching ( > 109 L mol-I S-I); relative 79A028 
intensities (1:4); 1'T = 0.77 J-ts 
Oxygen quenching (2.4 X 109 L mol-I s -I); 1'T 0.14 77E797 
/is 

tOxygen quenching (2.3 X 109 L mol-I S-I); TT = 220 80E2oo 
J-ts 
tOxygen quenching (2.3 X 109 L mol- 1 S-I); E relative SOE200 
to biphenyl in benzene «(;360 = 27100 L mol-I em-I); TT 

= 210 J.Ls 

Relative intensities (2:1); data corrected from paper 79E543 
(R. Goerner, private communication, 1985); TT = 80 
J.Ls 
Relative intensities (2:1); no transient spectrum ob- 79E543 
served at R T; data corrected from paper (R. Goerner, 
private communication, 1985); TT 0.4 J-ts 
Dllta corrected from paper (H. Goerner, private com· 79E543 

munication, 1985) 

tTriplet ET from biphenyl: i relative to biphenyl in 761122 
benzene assuming ground state dimerization; 1'T = 4.5 
/is; ET = 123 - 151 kJ mol-I; kct = 2.2 X 109 L mol-I 
8- 1 

Lifetime limited by aeration; 1'T = 0.560 J.LS 

1'T 120,.,.s 

TT 0.25,."s 

1'T = 154,.,.s 
TT = 53 J-ts 

757522 

79E543 

79E543 

707'.5'62 

79E543 

CPT strongly temperature dependent in this solvent; 1'T 79E543 
= O.4o,.,.s 

Relative intensities (5:4); 1'T = 33 J-ts 79E543 

Relative intensities (5:4); TT = 0.36 ,.,.S 79E543 

1'T = 0.25 ,.,.S 79E543 

79E543 
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TABLE 6. Spectral parameters for tripiet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

338. Dibenz[ a j]acridine/PrOH 
3-MP/PrOH (77 K) 

339. Dibenz[a ,h ]acridine 
3-MP (77 K) 

Method 

PS 

PS 

340. Dibenz[ a ,h ]anthracene/Chloranil 
PMMA PS 

341. Dibenz[ a ,h ]anthracene 
2-MTHF (77 K) 

Benzonitrile 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 
EPA (77 K) 

ErOH/EraO (77 K) 

Hexane 

Hexane 

Liquid paraffin 
Liquid paraffin 

PS/ESR 

LP/RF 

PS 

PS 

PS/SD 
PS/IV 

MOD/KM 

FP 

FP/SD 

FP/TD 
MOD 

Amax , Emax 

Inm /L mol-I em-I 

550 

585 
545 
520 

668" 
626" 
580' 
540" 
508a 

495" 

470· 
455' 
440' 
424" 

587,25000 

583", 10500 ± 700 
548",9400" 
509', 7900" 
476", 6000' 
445a, 5000' 
585 
546 
506 
495 
584.8 
547.1 
508 
500 
472 
4Zl:S 

585, 35000 ± 3500 
585,28700 

560, 17600 :t: 5300 

535.l 
49&.0 
452.9 
421.1 
532.5, 67000 
499,57600 
469.5,46900 
424,33400 
398, 18100 
376.5,9400 
327 
535b

, 22000 ± 3000 
573 
538 
510 

Comment Ref. 

Glass was 99:1 3-MP to PrOH; which isomer ofPrOH 706135 
was not specified; no T-T absorption in 3-MP; 
"1,2,7,8-dibenzacridine" 

"1,2,5,6-Dibenzacridine" 706135 

Most intense peak at 580 nm 766652 

tESR; only most intense visible peak reported; assign- 696115 
ment 3 Ag ~ lBu; oscillator strength encompasses two 
electronic transitions; "1,2,5,6-dibenzanthracene"; os-
cillator strength = 0.25 
E relative to compound in toluene (ES84 = 13000 L 83F075 
mol-I em-I) 

iPhosphorescence decay 51EOOI 

tPhosphorescence decay; relative intensities 54BOOI 
(100:67:39:40:30:24); 'TT = (1.4 ± 0.1) X 106 Ils 

68E105 
Amax assumed from previous work; E estimated by ex- 69E212 
trapolation to infinite excitation rate 
Olii:):) Wiil> 2;1 EtOH to El20; tcmperaturc WM not 719059 
explicitly stated, but 77 K was inferred from the con-
text 

54EOOl 

The bands between 532.5 and 469.5 nm were assigned 58EOOI 
to the 1st electronic transition, the next three bands to 
the 2nd electronic transition, and the last band to the 
3rd electronic transition; oscillator strength = 2.2, 
0.4, _ 

67E031 
Mull; relative intensities (100:91:59); 'TT = 90.3 fLs 71E361 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

PMMA 

Toluene 

342. 7 H -Dibenzo[c,g ]carbazole 
Cyc10hexane 

343. Dibenzo[ b ,deJ]chrysene 
Hexane 

Hexane 

Liquid paraffin 

344. Dibenzo[deJ,mno ]chrysene 
Heptane 

Liquid paraffin 

345. Dibt:uw[def,p ]chrysene 
Hexane 

Method 

LP 

LP/ET 

LP 

MOD 

MOD 

MOD 

LP 

MOD 

,MOD 

346. Dibenzo[deJ,mno ]chrysene-6,12-dione 
Benzene FP 

347. Dibenzo[g,p ]chrysene 
Heptane LP 

348. 5H -Dibenzo[a ,d]cycloheptene 
Cyclohexane FP 

Isopentane/3-MP (77 K) FP IIV 

349. Dibenzopbenazine 
Toluene (293 K) FP 

350. 6H-Dibenzo[b,d]pyran-6-one 
EtOH (300 K) FP 

351. Dibenzo(f,h ]quinoxaline 
PMMA (77 K) PS 
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Am •• , Em •• 

Inm IL mol- I cm- I 

532 
480 
584', 13000 ± 1000 
544", 12100" 
509".8300" 
478", 7000" 
444",3300" 

-600 

511" 
480· 

510 
470 
520 
490 

662 
633 
581 
535 
524 
508 
585 
420 
395 

573 
477 

688' 
520" 

633 
613 
575 
532 
503 
483 
442 

425 

426,20000 
402" 

530' 
510' 
480" 

500 
390 

460 
429 
387 

Comment Ref. 

70E288 

E relative to anthracene in toluene (E428,S = 42000 L 83F075 
mol- I em-I) 

82E497 

"3,4,8,9-Dibenzpyrene"; 511 nm was the more intense 70E295 
peak; TT = 130 p,s 
Relative intensities (100:28); TT = 130,."s 71E361 

Mull; relative intensities (100:37); TT = 11O,."s 71E361 

"Anthanthrene"; delay 370 ns 737463 

Mull; relative intensities (_:100:19); shoulder at 560 71E361 
nm with relative intensity 34; TT = 103 ,."S 

Relative intensities (23:100); "1,2,3,4-dibenzpyrene"; 71E361 
TT = 120,."s 

"Anthanthrone"; 688 nm peak was the more intense 84F379 

"1.2.3.4.5.6.7.8-Tetrabenznaphthalene": delay 380 ns 737463 

Decay followed in acetonitrile and mixed hydro- 80E375 
carbons as a function of temperature 
Glass was 6: 1 isopentane to 3-MP; shoulder at 373" nm; 687111 

TT = 7100,."s 

tPhosphorescence decay in EPA at 77 K, oxygen 80E778 
quenching; isomer unspecified 

81E650 

tPhosphorescence decay (?); "5,6,7,8-dibenzoquinox- 70E291 
aline"; TT = 9.4 X 105 ILS 



No. 

352. 

353. 

354. 

355. 

356. 

357. 

358. 

359. 

360. 

361. 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method 

Dibenzo[c,g ]triphenylene 
MCH LP 

2,3-Dibenzoylbicyclo[2.2.1 ]hepta-2,S·diene 
MeOH LP 

2,3.Dibenzoylbicyclo[2.2.2]octa.2,S-diene 
MeOH LP 

Dibenzoylmethane 
EtOH/MeOH (118 K) FP 

N·[ <Dibenzylamino)methyl]phthalimide 
BtOH FP 

2,S·Di(4-biphenylyl)oxazole 
2-MTHF (77 K) CWL 
Benzene LP/SD 

9,10-Dibromollnthracene 
Acetonitrile LP 
Cyclohexane FP 
EPA (77. K) LP 
EtOH TP/F.T 

Liquid paraffin FP 
Toluene LP/ET 

4,4'-Dibromobiphenyl 
Hexane (293 K) LP 
Toluene PR 

Dibromofluorescein dianion 
Water FP/SD 

1,4-Dibromonaphthalene 
Cyc}ohexane FP 
Liquid paraffin FP 

Amax , Emu 

Inm IL mol- I cm- 1 

605 
420 

44S8 

450· 

630 

:590 
350 

590 
560, 110000 

421 a 

419 
427 
.4.'0, R2000 

424 
427.5, 48000 ± 4000 

-400 
390 

506b
, 18000 ± 6000 

425 
423 

Comment Ref. 

lOxygen quenching; relative intensities (2:1); TT 120 79A237 

fJ-s 

Assignment uncertain; shoulder around 400 nm; TT = 8{)F372 
0.054 fJ-s 

Assignment uncertain; shoulder around 520 nm; TT = 80F372 
0.040 fJ-s 

Solvent was 3:1 EtOH to MeOH 68B005 

lOxygen quenching, diene quenching; maxima as- 79A147 
sumed from textj TT = 12 fJ-s 

"BBO" 74B003 
lOxygen quenching (1.7 X 109 L mol- I 8- 1); 100 ns 777265 
delay; 1'T = 0.285 fJ-s 

lOxygen quenching; TT 19.5 fJ-s 

1'T = 36 fJ-s 
1'T=22IJ-s 
~ reoll'lthie to Methylene Blue cl'Ition (1;860 = 27000 L 
mol-I cm- I

); solvent and temperature assumed; 1'T 
11 fJ-s 
Viscosity of solvent was 0.167 N.s/m2; TT 44 IJ-s 
E relative to rubrene in toluene (Esoo 26000 L mol-I 
cm- I ) 

Delay 500 ps 
fOxygen quenching; TT = - 3 JJ.s 

pH9 

84B110 
62E009 
84B110 
78E394 

62E009 
84E393 

82E303 
80A235 

67E031 

TT = 150 IJ-s 
Viscosity of solvent was 0.167 N.s/m2; TT 

62EOO9 
2000 IJ-s 62E009 

362. (E)·N ,N-Dibutyl-2,3-dihydro.3-oxo.2-(3-oxonaphtbo[1,2.b ]thien-2(3H).ylidene)naphtho[1,8-bc ]thiopyran-6-sulfonamide 
Chloroform LP 730 A substituted "trans-perinaphthioindigo" 

3 63. (2)-N,N -Dibutyl-2,3-dibydro-3-oxo-l-<3-oxonApbtbo[1,l-b ]tbien-l(3H)-ylidene)naphtho[1,8-bc ]thiopyrlUl-6-sulfonllmide 

Chloroform LP 670 A substituted "cis-perinaphthioindigo" 

364. 5,5' -Dibutyltbioindigo 
EPA (77 K) FP 585 'TT 152 IJ.S 

365. 5,5' ·Di.tert·butylthioindigo 
EPA (77 K) FP 595 TT = 133 JJ.s 

366. trans ·1,2-Di(N -carbazolyl)cyclobutane 
DMF LP 420 tOxygen quenching; 500 os deJay 
THF LP 424a Delay 800 ns; shoulders at 504" and 4048 nm 

367. meso (DL)-2,4-Di(N ·carbazolyl)pentane 
THF LP 424" Delay 700 ns; shoulders at 50P and 3998 nm 

83A355 

83A355 

7675&2 

767582 

81P245 
83E662 

83E662 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

368. rae (DD,LL)-2,4.Di(N ·carbazolyl)pentane 

369. 

370. 

371. 

372. 

THF LP 

1,S·Dichloroanthracene 
Benzene 

Benzene 

CycIohexane 
CycIohexane 
Cyclohexane 

Dioxane 
Liquid paraffin 
P.l-'MCH 

PMMA 

9,lO·Dichloroanthracene 
Acetonitrile 
Benzene 

Benzene 

Cyclohexane 
Cyclohexane 
Dioxane 
EtOH (298 K) 
EtOH (201 K) 
EtOH 

Liquid paraffin 
Liquid paraffin 
Toluene 

1,8.Dichloroanthraquinone 
EPA (77 K) 

EPA (77 K) 
EtOH 
Toluene 

4,4' .Dichlorobenzophenone 
Acetonitrile/Water 

PR/ET 

PR/ET 

FP 
PR 
FP/RA 

PR 
FP 
FP 

FP 

FP 
PR/ET 

PR/ET 

FP 
PR 
PR 
FP 
FP 
FP/ET 

FP 
FP 
LP/ET 

LP 

LP 
LP 
LP 

LP/ET 

Am., , Em., 

/nm /L mol-I em-I 

425' 

445,63400 

445,64300 

425 
440 
955, 1000 
850 
760 
442.5 
420 
442.5 
419 
951' 
840' 
7553 

430a 
410" 

855 

418" 
422.5,41700 

422.5, 51100 

419 
417.5 
420 
419" 
421' 
694b,64 
417,46000 
423 
419 
426, 46000 ± 4000 

500· 
370" 
375" 
380a 
500· 
379" 

545,9600 
320, 12900 

373. Dichlorobis(4, 7 -dimethyl.l,lO-phenanthroline)iridium(lIl) ion 
DMF/Water LP 608" 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 

573" 
543" 
489" 
464" 
447" 
425' 

Comment Ref. 

Delay 1 f-Ls; shoulders at 498" and 402" nm 83E662 

E relative to naphthalene in benzene (Em •• = 17500 L 690087 
mol-I em-I) 
E relative to benzophenone in benzene (Em.s = 10300 690087 
L mol- I em-I) 
~=~~ ~~ 

690087 
lOxygen quenching; E relative to 7lB005 
1,5-dichloroanthracene in benzene (E44S = 64300 L 
mol- I em-I) 

690087 
Viscosity of solvent was 0.167 N.s/m2; TT = 2000 f-Ls 62E009 
lOxygen quenching 7lHUUj 

66E086 

82F494 
E relative to naphthalene in benzene (Em •• = 17500 L 690087 
mol- 1 em-I) 
E relative to benzophenone in benzene (E532.S = 10300 690087 
L mol- I em-I) 
TT = 100 f-Ls 62E009 

Triplet ET from eosin; E relative to eosin in EtOH (ES80 

= 9400 L mol-I em-I) 
Solvent viscosity was 0.03 N.s/m2 

Viscosity of solvent was 0.167 N.s/m2; TT = 500 f-Ls 
E relative to rubrene in toluene (Esoo = 26000 L mol-I 
em-I) 

tphosphorescence decay; delay 100 ns; 370 nm was the 
more intense peak; TT = 40 ± 10 f-Ls 
Delay 100 ns 
Delay 50 ns 
t Phosphorescence decay in EPA at 77 K; delay 300 ns; 
379 nm was more intense peak 

Solvent was 9:1 acetonitrile to water; E relative to 
I-methylnaphthalene in acetonitrile/water (E415 = 
11200 L mol-I em-I) 

690087 
690087 
66E086 
66E086 
78E019 

58E001 
62E009 
84E393 

83E016 

84A253 
84A253 
83E016 

84B033 

Shoulders at 530" and 51 P nm; solvent was 9: 11 di- 79B098 
methylformamide to water 
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TABLE 6. Spectral parameters for· triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method· Amax , Emu Comment Ref. 
Inm /L mol- i cm- i 

DMF/Water LP 626- Shoulders at 588",458-, and 439- nm; solvent was 19:1 79B098 
566- dimethylformamide to water 
547-
535" 
516-
497-
468" 

Water LP 588a Shoulders at 509' and 469" nm 79B098 
·552-
531' 
490· 
461' 
-14-1" 
424" 

374. Dichlorobis(S,6.dimethyl·l,lO.phenanthroline)iridiumOII) ion 
DMF/Water LP 650a Snlvent was 19~ 1· dimethylfnrmamide tn water 81E786 

566' 
512-

.440" 
pMF/Water LP 572" Solvent was 9:11 dimethylformamide to water;shoul- 81E786 

510" der at 479" nm 
438-

EfOH/MeOH LP 435a Solvent was 4:1 EtOHto MeOH; shoulders at 559", 81E786 
487", and 410" nm 

Water LP 606- 81b7lSb 
568" 
530" 

75. Dichlorobis(l,lO·phenanthrOline)iridiumOIl) ion 
DMF/Water LP 566" Solvent was 9: 11dimethylformamide to water; shoul- 79B098 

502" ders at 590', 538', 460", 445' and 4238 nm 
~74" 

DMF/Water LP ,16" Solvent was 19:1 dimethylformamide to water; shoul- 79B098 
570" dersat 4738 and 4508 nm 
531" 
4998 

DMF/Water LP 613" Solvent was 19:1 dimethylformamide to water; shoul. 81E786 
477" ders at 5598 and 507- nm 

DMF/Water LP 483" Solvent was 9:11 dimethylformamide to water; shoul- 81E786 
4348 der at 5378 nm 

EtOH/MeOH LP 451" Solvent was 4:1 EtOH/MeOH; shoulders at 5228 and 81E786 
4828 nm 

EtOH/MeOH (77 K) LP 5088 Glass was 4:1 EtOH to MeOH 81E786 
4818 

450" 
Water LP 598" 79B098 

5618 

530" 
5098 

4768 

451" 
418a 

Water LP ·5328 81E786 
440" 

376. ·3,S.Dichloro.2,6-diphenyl.l,4-benzoquinone/friphenylamine 
Benzene (293 ~) LP 650 550 nm bandwas the more intense; TT = 0.1 p..s 81E715 

550 
Benzene/MeOH (293 K). LP 650 650 nmband was themdre intense; solvent was 19:1 8IE7l5 

550 benzene to MeOH;TT = 0.04811.S 

377. 1,4-Dichloronaphthalene 
Cyc10hexane FP 422.5 T1' == 360 /-,,8 62EOO9 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em" Comment Ref. 
Inm IL mol- 1 cm- 1 

378. 4,4' -Dichlorostilbene 
Isopentane/3-MP (77 K) FP/IV 380· Glass was 6:1 isopentane to 3-MP; the E at 359 was 687111 

359,28000 listed as 280000 in the paper, but we assume that this 
was a misprint; shoulder at 3448 nm and some un-
resolved feature centered at 3948 nm; 1'T = 4800 ~s 

379. 4-(4,6-DichJoro-t,3,5-triazin·2-yl). N,N -diethylaniline 
EPA (77 K) PS/KM 490, 31000 ± 5000 tPhosphorescencedecay; 1'T = (4.3 ± 0.4) X 106 /.LS 83E427 
PMMA (293 K) PS;KM 490, 31000 ± 'iOOO 'TT = (1.7 ± 0.1) X 106 J,ts 83£427 

380. Dicumarol 
EPA (77 K) PS 499.5 tPhosphorescence decay; most intense peaks were at 7IBOOI 

465 499.5, 465, and 437 nm: 1'T 0.3 ± 0.2) X 106 /-Ls 
437 
4138 

380a 

381. 9,10-Dicyanoanthracene 
Acetonitrile LP 440 tOxygen quenching; intersystem crossing promoted 83E025 

by dimethyliodobenzene; shoulder at 425 nm 
Heptane FP 426 iOxygen quenching and enhanced triplet yield in pres- 18£414 

ence of dibromoethane; 'TT = -100 /.Ls 
Toluene LP/ET 440, 9000 ± 2000 E relative to rubrene in toluene (Esoo = 26000 L mol-I 84E393 

em-I) 

382. 1,2-Dicyanobenzene 
EPA (77 K) FP 510 tPhosphorescence decay, molecular orbital calcu- 776213 

459 lations; E roughly 200 L mol-I cm- I (method un-
specified); 'TT = 2.5 /.Ls 

383. 1,3-Dicyanobenzene 
EPA (77 K) FP 530 tPhosphorescence decay, molecular orbital calcu- 716213 

440 lations; E: roughly 200 L mol-I cm- I (method un-
190· spt::diit::d); TT - 5.0 10£5 

Et20/Isopentane (77 K) PS 300 Glass was 1:1 Et20 to isopentane 75B004 

384. 1,4-Dicyanobenzene 
EPA (77 K) FP :100 tPhosphorcsccnce deollY, molecular orbital cAlclI. 776213 

lations; E roughly 200 L mol- 1 cm-1 (method un-
specified); shoulder at 450 nm; 'TT = 1.9/.Ls 

Et20/Isopentane (77 K) PS 297 Glass was 1:1 Et20 to isopentane 75BOO4 

385. 1,4·Dicyanonaphthalene 
Acetonitrile LP 455 84B017 

275 
Acetonitrile LP/ET 455, 7000 ± 1000 tOxygen quenching (2.1 X 109 L mol- IS-I); E relative 84B066 

275 to benzophenone in acetonitrile (E520 = 6500 L mol-I 
em-I); 'TT = 40/.Ls 

Heptane LP 455 84E236 
275 

386. trans·4,4' -Dicyanostilbene 
2-MTHF (133 K) LP 415 Triplet absorption not observable above 134 K..; below %OF299 

99 K lifetime (1.3 X 104 /.LS) constant; lifetime mea-
sured at 134 K; 'TT = 1.0 j.I.S 

EtOH (135 K) LP 410 Triplet absorption not observable above 138 K; below 80F299 
110 K lifetime (1.3 X 104 ,.,.s) constant; lifetime mea-
sured at 138 K; 'TT = 2.5 fJ-s 

Glycerol triacetate LP 410 Triplet abSOrption not observable auove 243 K; below 80F299 

(198 K) 214 K lifetime constant; 'TT = 6700 J.Ls 
PMMA (298 K) LP 405 80F299 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama, , Em •• 

Inm IL mo}-I em-I 

387. all-trans-3' ,4' -Didehydro-/3,l/I-16' -carotenal 
Hexane LP-ET/SD 580,363000 ± 54500 

388. 6,6'-Diethoxythioindigo 
Benzene LP 

Dichloromethane LP 

389. N -[2-<Diethylamino>cthyIJphthalimide 

EtOH FP 

390. 7 -Diethylllmino-4-methylcoumArin 
E'PA CWL 

EtOH FP/ET 

391. 1,l'-Diethyl-6-bromo-2,2'-cyanine iodide 
PYA FP/SD 

392. 1,1' -Diethyl-2,2' -carbocyanine chloride 
Ethylene glycol FP 
Glycerol FP 
MeOH FP-ET ISD 

PYA FP 

393. 1,1' -Diethyl-4,4' -carbocyanine iodide 
EtOH FP-ETI 

ET&SD 

394. 1.1' -Diethyl-2.2 ' -cyanine iodide 

395. 

396. 

MeOH LP 

PYA 
PYA 

FP/SD 
FP 

1,1' -Diethyl-2,2' -dicarbocyanine iodide 
EtOH FP-ETI 

ET&SD 

1,1' -Diethyl-6-iodo-2,2' -cyanine iodide 
PYA FP/SD 

560' 
420' 

560' 
420" 

590 
350 

596" 
620, 21600 ± 2200 

651\ 33800" 

635 
635 
635, 58000 ± 3000 
625b

, 52000 
741" 
673" 

778", 59000' 
728b

, 32000 
593b,6000 
504",25100" 
425", 36400" 

600 

791", 111000' 
780b

, 115000 ± .11000 
760b

, 96800 ± 9700 
740b,4oooo 
627.5b

, 40000 
611",48000' 

660", 28500' 

397. 3,3' -Diethyl-9-methoxy-2,2 I -thiacarbocyanine iodide 
2-PrOH FP 640' 
BuOH FP 650 
PrOH FP 648" 

Commerit Ref. 

tTriplet ET from biphenyl; E assumes triplet does not 78E721 
absorb where singlet depletion is followed; "tor
ularhodinaldehyde"; TT = 2.5/-ls; ET = -94 kJ mol- 1 

tOxygen quenching (2.9 X 109 L mol-I S-I); spectrum 78F030 
independent of amount of cis or trans isomers used; 'TT 

= 0.143 /-Ls 
tOxygen quenching; spectrum independent of amount 78F030 
of cis or trans isomers used; 'TT = 0.065 /-Ls 

tOxygen quenching, diene quenching; maxima as- 79A147 
sumed from text; TT 42 /-Ls 

Glass, temperature unspecified 73E344 
€ relative to anthracene in EtOH (E420 = 75000 L 747049 
mol-I em-I); there was another maximum at wave-
length shorter than 400 nm; 'TT = 3000 ± 1000 J.LS: kpt 
= (6.9 ± 1.0) X 109 L mol-I S-I 

"Pinacyanol chloride"; 'TT = 256 ± 20 /-Ls 
'TT = 417 ± 50 /-ls 
tTriplet ET from naphthalene, oxygen quenching; 'TT 

= 190 ± 18 /-Ls; ket = (1.0 ± 0.1) X 1010 L mol-I S-I 
'TT = 2.0 X 104 /-LS 

67F505 

79E243 
79E243 
79E243 

69BOO5 

E relative to naphthalene in EtOH (E4IS = 40000 L 736051 
mol-I cm- I); in ET measurement, compensation was 
made for the simultaneous decay and buildup of triplet; 
shoulder at 580" nm; 'TT = 1100 /-ls; ke• = 1.0 X 1010 L 
mol-I S-I 

tTriplet ET from naphthalene; "pseudoisocyanine"; 79E828 
'TT = 49 ± 1 /-Ls; ke• (1.2 ± 0.1) X 1010 L mol-I S-I 

'TT = 1.2 X 104 J.LS 

E relative to naphthalene in EtOH (Em = 40000 L 
mol-I em-I); in ET measurement, compensation was 
made for the simultaneous decay and buildup of triplet; 
shoulder at 504" nm; 'TT = 480 /-Ls; ke! = 8.9 X 109 L 
mol-I S-I 

Shoulder at 501" nm 

Isomer of PrOH unspecified 

67F505 
69B005 

736051 

67FS05 

777036 
777036 
757441 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

398. 3,3' ·Diethyl.2,2' -oxacarbocyanine iodide 
BuOH FP-ET 

399. 3,3' -Diethyl.2,2' ·oxadicarbocyanine iodide 
EtOH FP-ET lET 

400. N,N' -Diethylrhodamine 
I-PrOH FP/SD 

Water FP/SD 

Water FP 

401. 5,5 I -Diethylselenoindigo 
EPA (77 K) FP 

402. 9,9·Diethyl·9H -9-stannatluorene 
MCH/lsopentane (77 K) FP 

403. 3,3' ·Diethyl-2,2 '·thiacarbocyanine iodide 
BuOH FP·ET 
PYA FP 

404. 3,3' ·Diethyl-2,2 , -thiacyanine iodide 
2·PrOH Fp·ET 
PYA FP 

405. 3,3' ·Diethyl-2,2' -thiadicarbocyanine iodide 
2-PrOH PP-DT 
EtOH FP-ET/ET 

PYA FP 

406. 3,3 I -Diethyl.2,2' .thiatricarbocyanine iodide 
Propane FP/ET 

407. 6,6' -Dihexyloxythioindigo 
EPA (77 K) FP 

408. 120 ,12h -Dihydrobenzo[ghi]perylene 
MCH/lsohexane LP 

409. 3,4·Dihydro-l,1' -binaphthyl 
Benzene LP-ET 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 

Amax , Ernax 

Inm IL mol- 1 cm- i 

605 

670b
, 95500 ± 9500 

660b
, 110000 ± 10000 

650, 135000" 

920 
615, 12000 
410 
920 
625 

590b,8000 
410 
920 
615 
410 

630 

382" 

605a 

930· 
9IP 

660 
71Ia 

629-

705 

770b
, 130000 ± 9000 

760h, 156000 ± 10000 
-690",267000· 

1020-

900, 145000 

560 

428 
360 

567" 
401' 

Comment Ref. 

iTriplet ET from naphthalene 777036 

tTriplet ET from naphthalene; E relative to naph- 726156 
thalene in EtOH (E41S = 40000 L mol- I em-I); TT = 
-5000 p.s; ket = 6.7 X 109 L mol-I S-I 

iTriplet ET to anthracene sulfonic acid and from 78A304 
naphthalene, oxygen quenching; 250 p.s delay 

250 p.s delay; blue band decays with same lifetime as 777041 
others 

tTriplet ET to anthracene sulfonic acid and from 78A304 
naphthalene, oxygen quenching; 250 fts delay; pH 7.0 

TT = 303 p.s 767582 

iPhosphorescene lifetime; glass was 3:1 MCH to iso- 81E648 
pentane; shoulder at 3668 nm; TT 4.3 X 104 p.s 

iTriplet ET from naphthalene 
Shoulder at 8698 nm; TT = 6500 p.s 

tTriplet ET from naphthalene 
Shoulder at 566- nm; TT = 1.6 X 104 p.s 

tTriplct DT from naphthalene 
iTriplet ET from naphthalene; E relative to naph
thalene in EtOH (Em = 40000 L mol-I em-I): shoul· 
der at -780" nm; TT = 1100 p.s; ket = (5.6 ± 0.4) X 109 

L mol- 1 10- 1 

Shoulder at 9828 nm; TT = 4000 its 

iTriplet ET from anthracene, oxygen quenching; E 

relative to anthracene in propane (e422.S = 52000 L 
mol- 1 em-I) assuming unit transfer probability; radical 
cations and anions also observed (A.rnax = 520 nm); TT 

67 p.s 

TT = 323 p.s 

777036 
69B005 

777036 
69B005 

777036 

726156 

69B005 

79A346 

767582 

tFirst order production from wen characterized trip. 79A237 
let state, oxygen quenching (1.1 X 109 L mol-I S-I); 
relative intensities (1:1); solvent was 2:1 MCH to iso-
hexane; TT = 0.81 ± 0.03 Its 

fTriplet ET from xanthone and oxygen quenching; TT 84B007 
= 1.8,...:s 
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TABLE 6. Spectral parameters for triplet~triplet absorption of organic molecules in'condensed'phases - Continued 

No. Solvent Method Am.x , Emax Comment Ref. 
/nm /L mol-I em-I 

410. 4a,5a -Dihydrocarbazole 
MCH LP-ET 430 *TripletETfrom triphenylamine aM oxygen quench~ 72B002 

ing; TT = 0.5 p,s 
MCH LP 435 tKinetic precurser of ground state (AmllX == 610 nm); 7'T 78H072 

=O.67/Ls 

411. 4' ,5' ~Dihydro-3-carbethoxypsora1en 
EtOH LP 535" tOxygen quenching (1.8- X 109 L mol-I S~l); TT= 26 82E133 

/Ls 
Water LPIELT 550", 10000± 1500 tOxygenquenching (3 X 109 L mol- L S-I); E relative 82E133 

to radical anion (£600 = 1500 L mol- 1 em-I) assuming 
electron transfer from tyrosine 100% efficient; TT = 25 
,""S 

412. 7,7';'Uibydro-tl-carotene 
? FP-ET 478" tTriplet ET ,from anthracene; it was' not reported 733001 

445" whether the solvent was hexane or benzene; lifetime 
was measured ,in hexane; 478nmpeakwas the, more 
intense;TT== 14J.LS 

Hexane PRIET 447.5, 420000 ± 63000 tTripletETfrom biphenyl; E relative to biphenyl in 776412 
cyclohexane (£361 = 42800 Lmol- ' em-I), assuming 
authors used standard for cyc1()hexane; TT = 14 ± 1.4 
J.LS; kei= (2;1-± 0.21) X 1OIOL mol-:Ig- I 

-413. Sb,9o -Dibydro·9H -cyclopropa[e JPyrene 
Hexane LP 521" TT=4±1J.LS ,84F068 

4~5~ 

414. 10,11-Dihydro-S,7:14,I6-dietbeno·SH ,13H .diindeno[2,I-h:l ' ,2'- i J[1,4]dioxacyclotridecin 
2-MTHF (77 K) PS/KM 385",21200" Compound "XI" in paper 83E383 

415. 120 ,12b -Dibydro·5,S-diJl)etbyl(indolino[2,3-c ]carbazole) 
MCH (278 K) LP 500 

~ 16. --' 5,lo.;Dibydr()~5;10-dimethylphenazine 
3-MP LP/RA 450,62000 ± 20000 

- 337\ 16000 

417. (R)-4,S.Dihydrodinaphtho[2,1~:I',2' -g][1,4]CUoxocin 
2-MTHF(96K) PS 417" 

418. (R )·S,6-00ydro-4H-dinaphtbo[2,1-j:l' ,2 '~h ][I;S]dioxonin 
2-MTHF (96 K) PS 427a 

419. 5,10-Dibydro·S,1().diphenylphenazine 
3~MP LP/RA 

420. 5,lo-Dihydroindeno[2,I·ajindene . 
Benzene (298 K) LP-ET 

Benzene (298 K) LP-ET 

EPA (77 K) FP 

EPA (298K) 'LP 

4088 

444; 98000 ± 30000 
400', 88000" 
337b,lOOOO 
280", 91000" 

392 
-375 

392 
-375 
395 
375 
355 
384 
365 

Delay 0.5 J.LS 83A225 

E relative to anthracene in cyclohexane (E422 = 61000 L 777088 
mol-I em-I); TT = 8p,s 

Compound "VI" in paper; shoulder' at 407a nm 83E383 

Compound "VII" in paper 83E383 

E relative to anthracene in cyclohexane (E422 = 61000 L 777088 
mol-I em-I); TT 1 tJ.S . 

tTripletET from benzophenone, oxygen quenching 81E214 
(3.4 X 109 L mol-I s-I); TT= > 3~; ket = 5 X 109 

L mol-I s-'I 
tTriplet ET from xanthone,oxygen ql1enching; T1' = 81E214 
> 5 J.LS 
Most intense peak at 395 nm;TT = 88 p,s 737069 

81E214 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em .. 

/nm /L mol-I em-I 

421. 3,4.Dihydro.2'·methyl.l,l'.binaphthyl 
Benzene LP-ET 48P 

422. 5,lO·Dihydro·5-methyl.lO.phenylphenazine 
3-MP LP/RA 444,94000 ± 30000 

337b
, 12000 

423. 5,12·Dihydro·5-methylquino[2,3.b ]acridine· 7 ,14-dione 
EtOH (300 K) FP 710 

350 
EtOH (300 K) FP/SD 710, 15300 ± 1500 

424. 9,10.Dihydro.P.oxo-2-aeridinesulfonllte jon 
EtOH FP 580 

425. 9,10·Dihydro·9-oxo·2·acridinesulfonic acid 
PYA FP "'85 

426. 2,3-Dihydrophenalene 
EPA FP 430 

400 

427. 3,4-Dihydrophenanthrene 
Benzene LP-ET 580 

430 

428. 9,lO·Dihydrophenanthrene 
Hexane (300 K) MOD/SO 480,7800 

365,26000 

429. 1,2-Dihydro-3·phenylnaphthalene 
Isopentane/3-MP (77 K) FP/IV 384,40000 

364a 

430. 4' ,5 ' ·Dihydropsoralen 
Benzene PR/ET 500,15700 

Water LP 510 

431. 5,12·Dihydroquino[2,3·b ]acridine-7 , 14-dione 
EtOH (300 K) FP 710 

350 

432. 1,2-Dihydro·2,2,4,6-tetrametbylquinoline 
Benzene FP 6478 

433. 1,4-Dihydro.S,6,11,12·tetrapbenyl.l,4-epidioxytetracene 
Cyclohexane LP 432a 

414 !Ii,12.Dihydro.S,6,11,12.tetraphenyl.S,12.epidioxytetracone 
Cyclohexane LP 455a 

Comment Ref. 

tTriplet ET from xanthone 84B007 

E relative to anthracene in cyclohexane (Em = 61000 L 777088 
mol-I em-I); 1'T = 6 p,s 

tTriplet ET to anthracene and oxygen quenching; 1'T 79E965 
70 JLs 

"N-Methylquinacridinone" 81E649 

tOxygen quenching; 1'T = 140 p,s 81A390 

Lifetime quoted from [79E964]; 'rT 2 X lOs fls SlA390 

fOxygen quenching (2 X 109 L mol-I S-I) at 260 K; 1'T 81F390 
= 2 p,s 

tOxygen and azulene quenching and triplet ET from 83E278 
benzophenonej 1'T = 1.2 p,s 

1'T = 120 ± 9 p,s 69E208 

Glass was 6:1 isopentane : 3·MP; 'TT = 3400 ~s 687111 

fTriplet ET from biphenyl; E relative to biphenyl in 79E282 
benzene (E361 = 27100 L mol-I em-I); 5 ,....S delay; ket = 
5.6 X 109 L mol-I S- I 

4 p,s delay 79E282 

"Linear quinacridinone"; [79E965] quotes a Amax = 690 81E649 
nm for the same system 

84F248 

A rubreneperoxide, called "II" in paper 84E056 

A rubreneperoxide, called "I" in paper 84E056 

435. (E)·S( (3,4·Dlhydro[1,4 jtbiazino[3,4-b }benzotbiazol·t.yl)metbylene 1-3·ethyl.2-thiox0-4-thiazolidinone 
Toluene FP-FT 6~oa tTriplet ET from fluorenone; "merocyanine dyE'! rhn- 767764 

toisomer" 

436. lOH,lO' H·I0,10'·Dibydroxybianthrylidene 
I·PrOH/2·PrOH (83 K) FP 465a 

437. 4,4' ·Dihydroxybipbenyl 
PYA (77 K) FP 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

405a 

550 
400 
390 

Solvent was 2:3 I·PrOH to 2-PrOH 777238 

Stretched polymer film; most intense peak at 400 nm 78B129 
polarization also measured 
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TABLE 6.··. Spectral parameters for triplet-triplet abSOrptiOn of organic molecules in condensed phases - Continued 

No. Solvent 

rolueneiEtOH (77 K) 

438; -Dihydroxylycopene 
Benzen~ 

439. 1,S-Dihydroxynaphthalene 
3-MP IEhO (77 K) 

44O~1,8-Dihydroxynaphthalene 
3-MPlEt20 (77 K) 

441. 2,3-Dihydroxynaphthalene 
3:'MflEhO (77K) 

Toluelle/EtOH(77 K) 
Water 

442.2,1-Dihydroxynaphthalene 
3"MP IEtiO (77K) 

Method 

MOD 

PR-ET 

PS 

PS 

PS 

MOD 
FP 

PS 

443. - . 2,3-Dihydroxynaphtbalene,conjupte .. ~ 
Water FP 

444. 3,6-Dihydroxyphthalimide 
Dioxane FP ITO 

445. 4,4' -Dimetboxybenzophenone 
AcetonitrilelWater LP /ET' 

446. 2,3-Dimetboxy';1,4-benzoquinone 
BenzenePR ._ 
Cyclohexane .PR!Ei 

Cyclohexane LPIET 

447: 2.S-Dimetlt~xY~1.4-~nzoqilinorie·· 
Benzene PR 
Cyclohexane PR/ET 

Cyclohexane LPIET 

448:· 4~4'-Dimetboxybiphenyl 
Boric acid PS 

449. ·S,7-Dimetboxycoumariri 
Benzene PR/ET 

Em ... Am ... ; 
/nm /L mol-I cm- I 

41P 

540 

447 
420 
394.5 

448 
423 

443 
418 
394 

.. 4451 

430 

444 
419 

•. 5458 

500a 
·480" 
4558 

440" 

440,2900 

····675,3600 
545,5200 
440.7100 
350,7800 

:434~ 

,:~30 ± 5, 5300 ± 1200 

430:~:'),YIPu :!: 12UU 

4521 

4898 

440 ± 5, 5400 ± 1100 
4898 

440 ± 5; 5300 ± 1100 

415 

450, 11400 

Comment Ref. 

Glass was 19:1 toluene to EtOH ·719059 

fTriplet ET from naphthalene; 'TT = 7.9/oLs 80A143 

fPhosphorescence decay; glass 19:1 3-MP to Et20; 447 74BOO4 
nmpeak was the most intense; 'TT = t03 X 106 /oLS 

fPhosphorescence decay; glass 19:13-MP to Et20; 448 74BOO4 
nm peak was the more intense; 'TT = 1.11 X 10° /oLs 

tPhosphorescencedecay;glass 19:13-MPtoEt20;443 74BOO4 
nm peak WlU thc mo:st intcn:sc; TT 1.95 X 106 ",,5 

GlasS Was 19:1 toluene to EtOH 719059 
,Oxygen quenching; pka = 10.0 ± 0.2; 5 IJ.S delay; pH 77A196 
1-8 . 

tPhosphorescence decay; glass 19:1 3-MP to Et20; 444 74BOO4 
nmpeakwas the more intense; TT = 1.01 X .106 iJ-S 

tOxygeg. quenching; 5 /oLs delay; pH 13.5 

Lifetime limited by aeration; 'TT = 0.250 /oLs 

Solvent was 9:1 acetonitrile to water; E relative· to 
I-methylnaphthalene in acetonitrile/water (Em = 
11200 Lmol- I cm-I) 

. 'T'f:::::~0,37±0.OSfLS 
E relative to. biphenyl in cyclohexane (E361 = 42800 L 
mol-1 em-I) . 
rtripletl::;!" totJ-carotene; E relative to biphenyl in 
cyclohexane (E361 42800Lmol-1 cm~I);TT 0.59 
± 0.101J-S 

Shoulder at 4tsl"nm; TT = 5.0 ± 0.7 IJ-S 
E relative to biphenyl in cyclohexane (E361 = 42800 L 
mo)':'! cm-I) 

fTriplet ET to l3-carotene;· E relative to biphenyl in· 
cyc10hexane (E361 = 42800 L mol-I cm-I); 'TT = 5.9 ± 
1.01J-S 

Glass 

77A196 

7575 

743062. 
743062 

743062 

743062 
743062 . 

743062 

777388 

tTriplet ET· from biphenyl;· Erelativeto biphenyl in 79E282 
benzene (E367 =27100 L mol~lcm-l); 20 os delay; TT 

= 10 IJ-S; ket = 5.6 X 109 L mot-Is- I 

J. Phys~Chem~ Ref. Data, Vol. 15, No. 1, 1986" 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

450. 2,3-Dimethoxy-5-methyl-l,4-benzoquinone 
Benzene PR 
Cyc10hexane PR/ET 

Cyclohexane LP/ET 

Trichlorotrifluoroethane LP 

451. 1,4·Dimethoxynaphthalene 
3-MP (77K) PS 

452. 1,i·Dimethoxy.4.nitrobenzene 
Acetonitrile LP 

453. trans-2,5-Dimethoxy-4' -nitro5tilbene 

Glycerol triaeetate LP 
(198 K) 

Glycerol triacetate LP 

454. 4,4 I .Dimethoxythiobenzophenone 
Benzene LP IRA 

455. 4-(Dimethylamino)chalcone 
Heptane LP 

Amax , Emax 

Inm IL mol- 1 cm- 1 

423" 
430 ± 5, 6300 ± 1400 

430 ± 5, 6800 ± 1400 

413& 

469 
445 

49<Y' 

-780 
540 
467 
~g30 

554 
465 

520 ± 5, 3500 ± 700 
400 ± 5, 5500 ± 1100 
295 ± 5, 19900 ± 4000 

550 ± 15 

456. lO·(Dimethylamino)·3,5,7 ,9·decatetraen.2·one 
Toluene FP-ET 520 

457. 2·(Dimethylamino)ethyl benzoate 
Cyc10hexane (290 K) FP 352" 

321" 

Comment Ref. 

TT = 0.59 ± 0.10 J.Ls 743062 
E relative to biphenyl in cyc10hexane (E361 = 42800 L 743062 
mol-I cm- 1) 

tTriplet ET to ,a-carotene; E relative to biphenyl in 743062 
cyc10hexane (E361 = 42800 L mol-I em-I); TT = 0.55 
± 0.09 J.Ls 
TT = 0.43 ± 0.08 J.Ls 743062 

tPhosphorescence decay; 469 nm peak was the more 74BOO4 
intense; TT = 1.08 X 106 J.Ls 

82B014 

Most intense peak at 467 nm 78B088 

Most intenSle peak: at 465 nm 7RRORR 

E relative to benzophenone in benzene (Em.s = 7630 L 84A221 
mol-I em-I), taking <l>T = 0.5 at 337 nm excitation and 
taking <l>T = 1 for benzophenone; SD method gave 
similar -E; TT = 1.4 ± 0.1 J.Ls 

"3-[ 4-(Dimethylamino )phenyl]-I-phenyl-2-propen-l- 83E347 
one"; TT = 0.5 I-"s 

tTriplet ET from anthracene 83E737 

10 J.LS delay 767556 

458. 2·[7·(Dimethylamino)·2,4,6-heptatrienylidene]·6·[S·(dimethylamino)·2,4-pentadienylidene]cyclohexanone 
Toluene FP 680 tOxygen quenching and triplet ET from anthracene 83E737 

and benzo[rst ]pentaphene and to azulene, perylene, 

459. N .[(Dimethylamino)methyl]phthalimide 
EtOH FP 

460. 1·Dimethylamino·4·nitronaphthalene 
2-PrOH LP 

Acetone LP 

Acetonitrile LP 
Benzene LP 

Cyc10hexane LP 

Hexane LP 
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590 
350 

505 

505 

510 
510 

500 

500 

and tetracene 

tOxygen quenching, diene quenching; maxima as- 79A147 
sumed from text; 'TT = 10 Il-s 

Lifetime extrapolated from low temperature; TT = 77A216 
0.002 J.Ls 
tOxygen quenching (0.7 X 109 L mol-I S-I); TT = 1.0 77A216 

J.Ls 
TT = 0.2 J.Ls 77A216 
tOxygen quenching (1.6 X 109 L mol- 1 S-I); TT = 4.5 77A216 

J.Ls 
tPhosphoreseenee deeay in PMMA at 77 K; TT = 9.1 77A216 

J.Ls 
TT = 8.4 J.Ls 77A216 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am8ll , Emax 

Inm IL mol-1-cm-1 

461. trans4Dimethylantino-4' -nitrostilbene ' 
2,2-Dimethylbutane· FP 845 ft 

(Pentane (77 K) 
2·PrOH LP 680 
Benzene LP 800 

Benzene LP 790 
Cyclohexane LP 735 
DMF LP·ET 910 

820 
DMF LP 805 
EtOH LP 630 
Oly\,;eroltril:l\,;cliilc LP 830 
(198 K) 
Glycerol triacetate LP 835 
MeOH LP 600 
Toluene LP 800 
tert~BuOH LP 760 

462. ,8·(Dim~tbyl8mino)-3,5,7-octatrien.2-one 
Toluene FP-ET 480 

463: 9-[ 4-(Dimethylamino)pbenyl]antbracene 
Acetonitrile LP 442a 

'.A.cetone LP 440" 
Et20 LP 444-

464. 4-[2·[4~(Dimethylamino)pbenylJetbyl]benZophenone 
Acetonitrile LP 490a 

465. trans.l-(4-Dimetbylaminopbenyl)-2-nitroetbylene 

466. 

467. 

468. 

469: 

470. 

Benzenel Acetonitrile LP 660-
Benzene LP 650- ' 
Cyclohexane LP 570-
EPA (77 K) PS/SD 600, 19100 ± 3820 

440, 35000 ± 7000 

2-(Dimetbylamino)purine 
Acetonitrile (300, K) FP ,485 

2-:(1)hnethylauiino)pyridiile 
2~PrOH (179 K) FP -470 

3-MP(179 K) FP -465· 
EPA.(I00 K) FP -470 

EPA (t03' K) FP 470" 

4-(Dimetbylamino)pYridine 
2,PrOH (188 K) FP 500 
EPA (93 K) 'FP 500 
EPA(77 K) FP 500 
EhO (183 K) FP 500 

2·(Dimetbylamino)pyridine/4-Nitroaniline 
EPA-(IOO K) FP 59,0 

460 

N,N ·Dimetbylaniline 
3-MP(77 K) FP 465a 

456a 

440" 

3418 

Comment Ref. 

Glass 3:8 pentane, to 2,2-dimethylbutane; shoulder at 747022 
750- nm 

788088 
*Oxygen quenching and triplet ET from triphenylene; 747022 
shoulder at 745 nm; TT = 2.1 p.s 

788088 
Shoulder at 650 nm; 'TT = 0.43 ,...S 747022 
*Triplet.ET from triphenylene;'TT = 21,...8; ke' = 8 X 747022 
109 L mol- 1 8-1 

*Triplet· ET from anthracene 

*Oxygen quenching 
*Oxygeil quencbing 
lOxygenquenching 

788088 
78B088 
78D088 

788088 
788088 
82F498 
788088 

83E737 

776464 
776464 
776464 

Possible triplet, exciplex, structure unspecified;, 78Bl12 
"ben:zophenone-(CH~)1.-(N ,N ~dimethylaniline)" 

Solvent was 8:2 benzene to acetonitrile by volume 78E057 
'TT = 0.56,...s 78E057 
'TT= 0.379,IJ.S 7SEOS7 
*Phosphorescence decay; TT = (7.9 ± 1.5) X lett,...s 7SE057 

*Oxygen q:uencbing and· quenching by 2,4-hexadienol; 756270 
'TT'= 59 ::!; 4,...s 

*Phosphorescence decay in EPA; TT = (1.4 ± 0.3) X 
lOlflS 

767526 

*Phosphorescence decay in EPA 767526 
* Phosphorescence decay in EPA; 'TT :::::(4.73 ± 0.46)'767526 
X 1()3,IJ.S 
Lifetime measured at 93 K; TT = 0.4 X 1()6 ,""S 

'TT =200± 12,...s 
*Phosphorescence decay 
*Phosphorescence decay 

80E318 

737127 
728004 
737127 
737127 

At 93 K lifetimes are 4.5 IDS (590 nm) and 0.4 s (460 SOE318 
nm); relative intensities (2: I) 

tPbosphorescence decay; another maximum, was ,esti- 69E21S 
mated to be at - 392 nm ,which was in the SD' region 
of 390-430 nm; most intense pcok at 341 nm 

J.PhY8.Chem_ Ref. Datil, Yot 15, No_ 1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

Cyclohexane PR 

Liquid paraffin FP 

N,N-Dimethylaniline LP/ET 

471. N,N' -Dimethyl-3-anilinocarbazole 
MCH (278 K) LP 

472. 1,3-Dimethylanthracene 
EtOH (93 K) PS 

473. 9,lO-Dimethylanthracene 
Benzene PR/ET 

Benzene PRIET 

Cyclohexane PR 
Dioxane PR 

474. 2,5-Dimethyl-l,4-benzoquinone 
SDS LP 
Water LP 

475. 2,6-Dimethyl-l,4-benzoquinone 
SDS LP 
Water LP 

476. 3,3' -Dimethylbiphenyl 
3-MH (77 K) PR 

Am .. , Emax 

Inm IL mol- 1 cm- 1 

460 ± 10 

480 
340 
465, 5000 

610 

442 
417 

435,47000 

435,42200 

427.5 
430 

470 
480 
440 

455 
445 

390 

Comment Ref. 

tOxygen quenching (1010 L mol- 1 S-I); further peak at 761069 
370 nm attributed to the cyclohexadienyl radical; half-
life = 0.95 ,...s 
tPhosphorescence decay in low temperature glass; de- 68B002 
lay 5 ,...s; half-life = l00,...s 
tTriplet ET to anthracene and to naphthalene; E rela- 720440 
tive to naphthalene in dimethyl aniline (E427.S = 14400 L 
mol-I em-I); half-life = 0.25 JLs; kc\ = 4.8 X 109 L 
mol-I S-I 

tOxygen quenching and rise time same as fluorescence 83A225 
decay; delay 30 ns; rise time of 13 ns 

66BOOI 

E relative to benzophenone in benzene (Em.s = 10300 690087 
L mol-I cm- I) 
c: lclCllivc lu nClphlhCllcnc in bCIlLcnc (C:max = 17500 L 690087 
mo)-I cm- I) 

Aqueous micelles; TT= 0.035 JLs 
TT = 0.83 ,...S 

Aqueous micelles; TT = 0.020 ,...S 
TT = 0.060 JLs 

690087 
690087 

83N133 
80B112 

83N133 
83N133 

1 JLs delay; radical ions also contribute to observed 771059 
peak at 390 nm; TT = 3 X 106 Il-S 

477. (011-£)-3,8-Dimethy 1-1,lO-bis(2,6,6-trimethyl-l-cyclohexen-l-yl)-1,3,S, 7,9-decapentaene 
Benzene (296 K) LP-ET 457 Triplet ET from chlorophyll a; oxygen quenching (2.8 73E347 

X 109 L mol-I S-I); TT = 20 JLs; kc\ = 0.9 X 109 L 

478. 1-(3,3-Dimethyl-l-buten-2-yl)naphthalene 
Benzene LP-ET 

479. N,N' -Dimethyl~5,11-dihydroindolo[3,2-b ]carbazole 
SDS LP 658" 

395" 

480. cis-2,3-Dimetbyl-2,3-di-(2-napbtbyl)oxirane 
Benzene LPIET 425, 10000 ± 2000 

481. trans-2,3-Dimethyl-2,3-di-<2-naphthyl)oxirane 
Benzene LP/ET 425, 12000 ± 2400 

J. Phys. Chern. Ref. Data, Vol.1S, No.1, 1986 

mol-I S-I 

tTriplet ET from xanthone and oxygen quenching; TT 84B007 
= 0.44 JLs 

Aqueous micelle 79N005 

tOxygen and azulene quenching; E relative to benzo- 84A344 
phenone in benzene (Em.s = 7630 L mol-I cm -I); TT = 
1.2 ± 0.2 ,...S 

tOxygen and azulene quenching; E relative to benzo- 84A344 
phenone in benzene (ES3J.S = 7630 L mol-I cm- I); TT = 
1.4 ± 0.2 ,...S 
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TABLE 6. Spectral,parameters for triplet-triplet absorption of organic molecules ,in condensed phases ~ Continued 

No. Solvent Method Ama~ , EmaX 
10m IL mo)-I cm- I 

482. 2,~Dimetbyl-l,5~diphenyl-l,5-pentanedione 

"1 LP_ 455a 

483. N,N I .Diniethyl-N,N' -diphenyl.l,~phenylenediamine 
MCH (278 K) LP 635 

484. 3,9-DimethYl.trans ~fluorenacene 
3-MP (77 K) MODI 481,93500 ± 4300 

SD&KM 457; 55600 ± 3500 

485, 2,S~Dimethyl-2;~bexadiene 
, Benzene PR 310 

~86; 1,3-DinietbylinClaZole 
EtOH (178 K) MOD/SD 420', 8100a 

EtOH (103 K) MOD/SD 420',,86()(}l1 
287., 4700a 

487: ~,N' ;;Dimetbylindigo 
BPA(98,K) LP 740 

470. 

4.8 It 1.4-niritethyl-7-illnp~pY)9zulene 
Benzene LP-ET 380420 

489: l,2-Dimetbylnapbthalene 
Cyclohexane (77 K) PS 420 

400. 

490. 2;3-Dimetbyloapbthalene 
Cyclohexane (77 K) PS 426.5 

420.5 
404 
398 

" 392.!) 
EtOH(77K) MOP 422 
Toluene (77 • K) Mar 433 

491; 2;7.·Dimetby~apbtbal..,ne 
EtOH (17K) MOD . 419 
Toluene(77 K) MOD 431 

492. N,N "Dimetbyl.2.DSlpbdlylamine 
CyClohexane '. FP 476a 

493. It/,N -Dimethyl.2-naphthYlamine,' conjugate' acid 
"Water: FP 409 

494.. cis~3,3-Dim~tbyl·l"(2;'Dapbtbyl)~1.butene 
Benz~ne LP-ET 

495. trans~3,3.DimethYl.l.(2~napbthyl)~I-butene 

388 

430 
400 

, 'Benzene ' : LP·ET 430 
400 

Comment Ref. 

Solventbenzeoe (?); conformation such that carbonyl 81A404 
groups are in' the plane formed by the' three central 
carbons of the pentane chain; more intense maximum 
below 350itm; TT = 0.060 ,."S 

tOxygenquenchiog and risetime same as fluorescence 83A225 
decay; delay So. ns; 'TT = 3 ,."s; rise time of 5 ns 

757141 

TT =0..08 #LS 82B057 

Shoulders at 43~ and 2868 om; another inaXitnum < 716244 
250nm; 'ri= ,(L5 ± 0.2) X 104 

Il-S 

Shoulderat44S8 nm; another maximum < 250 nm; 'TT 716244-
= (3.6 ±-O.4) X ,106 ,.,,8 

No 'triplet spectrum obse~ed At RT; da.ta. corrected 79E543 
from' paper (H. Goerner, private, cOmmunication, 
1985) - -

jTriplet ET from benzophenone;oxygenquenching; 81F275 
'TT=3,."s;ket 7 X '109 Lmol- I 8-1 

HaJfwiqth S40 em-I 
HaJfwidth 920 em-I 

HaJfwidth 460 cm-I 

HaJfwidth'S80 cm- I 

Delay 30 tJ.S 

pK~ =2.7; pH Addic 

67BOO7 

67BOO7 

777538 
777538 

777538 
777538 

686045 

. 61ROOR 

tOxygen and azulene quenching and triplet ET from HJb.t I 0 

benzophenone and xanthone; 'TT, = 0.14 #LS 

tOxygen andazulene quenching and triplet ET from 83E278 
bell,l:ophenone and xanthone; 'TT =' 0.13 JLS 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "'max, Em• x 

/nm /L mol- 1 cm- 1 

496. 2,2-Dimethyl-l-(1-naphthyl)-1-phenylethylene 
Benzene LP-ET 410' 

497. N,N-Dimethyl-4-nitroaniline 
EPA (77 K) PS/KM 

EPA (77 K) PS 

900,3370 ± 170 
760, 2780 ± 140 
550, 2700 ± 135 
390, 20600 ± 1030 
550 
450 

498. N,N -Dimethyl-4-[ (4-nitrophenyl)azo ]benzenamine 
2-MTHl" (103 K) LP 700 

Glycerol triacetate 
(203 K) 

LP 

499. 3,8-Dimethyl-4,7-phenanthroline 
EtOH/Et20 (77 K) PS 

500. N,N -Dimethyl-p-phenylenediamine 
EtOH (77 K) MOD/KM 

390 
690 

495 
465 
435 

530,23000 ± 5700 

Comment Ref. 

tTriplet ET from xanthone and oxygen quenching; TT 84B007 
= 0.10 J.Ls 

tPhosphorescence decay; TT = (4.37 ± 0.10) X lOs J.Ls 78E057 

tPhosphorescence decay; Tr = 8.3 X 105 J.LS 83E427 

Triplet not observable above 125 K; below 103 K life- 80B101 
time constant; Tr = 500 J.Ls 
Lifetime measured at 233 K; triplet not observable 80B101 
above 233 K; Tr = 0.050 J.Ls 

Solvent was 3:2 EtOH to EhO; relative intensities 80B130 
(100:60:25); ET = 264 kJ mol-I 

737055 

501. (E,E ,E,E,E ,E)-7 ,II-Dimethyl-7-(2,6,6-trimethyl-l-cyclohexen-l-yl)-2,4,6,8,IO,12-tridecahexaenal 
Cyclohexane COM 500, 201000 "all-trans-C24 aldehyde"; E average of that obtained by 79E546 

PRIET, LPIET and LP/SD; E relative to C l7 al
dehyde'in cyc10hexane (E410 = 63000 L mol-I em-I) in 
LP/ET; E relative to biphenyl in cyclohexane (E361.3 = 
428oo L mol-I em-I) in PRIET; Tr = 7.1 J.Ls 

MeOH LP/SD 510, 136000 E is upper limit; TT = 8.3 J.Ls 79E546 

502. 1,3.Dimethyluracii 
Acetonitrile LP/? 

503. (S)-Dinaphtho[2,I-d:l' ,2' -/][1,3]dioxepin 
2-MTHF (96 K) PS 

504. Di-2-naphthylamine 
ToluenelEtOH (77 K) MOD 

505. 1,4-Di-l-naphthylbutane 
Isooctane FP 

Isooctane LP 

380",8000' 

5088 

4398 

430· 
400" 
380a 

362" 
405" 
390' 

506. 1 -3,1 -4-Di-(l-naphthyl)-r-l,c -2-dimethoxycarbonylcyclobutane 
Acetonitrile LP-ET 430 

Acetonitrile 

507. 1,2-Di-l-naphthylethane 
Isooctane 

LP-ET 

FP 

J. Phys. Chem. Ref. Data, VoI.1S, No.1, 1986 

470 

430' 
396" 
355a 

E method unspecified 81E042 

Compound "V" in paper 83E383 

Glass was 19:1 toluene to EtOH; 508 nm peak was the 719059 
more intense 

Isomer assumed; additional absorption in the red as- 78B089 
signed to intramolecular triplet eximer 

Shoulder at 370 nm; rise "time of -1oo ns 81E015 

tTriplet ET from benzophenone, oxygen quenching 80BOIO 
(1.5 X 10IOLmol-1s- I); lOOnsde1aY;Tr= 0.13 J.Ls;ket 

= (7 ± 1) X 109 L mol-I s-I 
tTriplet ET from benzophenone; 400 ns delay; intra- 80B01O 
molecular triplet exciplex; Tr = 4.0 J.Ls; ket = (7 ± 1) 
X 109 L mol-I S-I 

Isomer assumed; shoulder - 380 nm; additional ab- 78B089 
sorption in the red assigned to intramolecular triplet 
eximer 
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TABLE 6. . Spectral parameters . for triplet-triplet absorption of organic molecules in condensed phases -Continued 

No. Solvent 

Isooctane 

508. Di-l-naphthylmethane 
·Isboctane 

Isooctane 

Method 

LP 

FP 

LP 

509. 2,S-Di(1-naphthyl)~1,3,4-oxadiazole 

Cyc16hexllne FP /TO 

Cyc10hexane FP/TO 

)10. cis-2,3-Di-(2-naphthyl)omane 
Benzene LPIET 

511. tra:ns-2,3-Di-(2-itaphtbyl)oxirane 
Benzene LPIET 

··512; 1,3;Di-l-naph1~ylpropane 

Isooctane FP 

Isooctime LP 

513; 1,3-Di-2-naphthylpropane 
Methylene chloride LP 

514. 5,5 I -Dineopeiltyltbioiildigo 
.E~A (77 K) FP 
EPA(93 K) LP 

EPA(283 K) 

Glycerol triacetate 
,(203 K) 
.CHycerol. triacetate 

515.. 3,S.,oinit1'oAnisole 

Acetonitrile/W ater 
Water 

516. 3,S-Dinitroanisole/Water 

LP 

LP 

LP 

LP 
LP 

Water LP 

517. 1,2.Dinitronaphthalene 
~tOH LP 

"max, Emax 

Inm IL mol-I em-I 

410S 
390S 

430": 
3968 

350": 
4108 
390": 

602,715(}8 
569,5200" 
454, 5 SOD," 
600":,7100" 
570":,5200a 
46(}8,S700" . 

430, 10000 ± 2000 

430,>8000 

43QB 

592 
580 
37'5 
590 
370 
600 
390 
59S 
385 

475 
-435 

435 

550 

Comment Ref. 

Shoulder at 370 nm; additional absorption around 470 81EOl5 
nm (rise time < 17 ns) ascribed to triplet excimer; rise 
time of ",100 ns 

Shoulder - 370 nm; additional absorption in the red 78B089 
assigned to intramolecular tripleteximer; 'TT =-50 f.tS 

Shoulder at.370 nm; rise time of -100 ns 81EOl5 

Only peaks reported by authors given -extensive vi- 78B08l 
bronic structure observed; oscillator strength = 0.04, 
0;04,0.06 
0-0 bands only reported here though vibrational struc- 79E297 
ture seen; oscillator strength=' 0.04, 0.04, 0.06 

tOxygenand ~ulene quenching; Erelative to benzo- 84A344 
phenone in benzene (Em.s = 7630 L mol-I cm -I); ~T = 
0.36 ± 0;05/Ls 

tOxygen and azulene quenching; E relative to benzo- 84A344 
phenone in benzene {ESl3.S= 7630 L mot-I cm-I); 'TT= 
0.16 ±0.02.JLS . . ' 

Isomer assumed;. additional absorption· in the red as:" 1RROR9 
signed to intramolecular triplet eximer 

Should¢r at 370 nm; rise time of -lOOns 

Shoulder at 405a 

'TT =.130/LS 
'TT == 53 /Ls 

stEOlS 

84P257 

167582 
79ES43. 

Cl>T strongly iemperature dependent in this solvent; 'TT. 19E543 
::0.46/LS 
'TT . = 50 /Ls 19E543 

'TT =. 0.40 /Ls 

Solvent IiI acetonitrile to water; 'TT 0.055/Ls 

79E543 

737466 
82F150 

tQxygen quenching and triplet ET to 777345 
3,3',4,4'.tetramethyldiazetine dioxide; transient was as-
signed to an H-bonding exciplex with water;'TT 1.4 
jJ.s 

tPhosphorescence. decay in EPA glass at 77 K, triplet .. 776194 
ET to tetracene, oxygen quenching (3.3 X 109 Lmol- I 

S-I); 'TT = 4.3 IJ.S 

J_Phy8~ Ch.m~Ret.Data, Vol. 15, No. 1, 1986 
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No. 

518. 

519. 

I. CARMICHAEL AND G. L. HUG 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method 

Hexane LP 

1,4-Dinitronaphthalene 
EtOH LP 

Formamide LP 
Hexane LP 

1,8-Dinitronaphthaiene 
EtOH LP 

Hexane LP 

Amax , Emax 

Inm IL mol-I cm- I 

490 

550 

570 
545 

590 

550 

Comment Ref. 

iPhosphorescence decay in EPA glass at 77 K, triplet 776194 
ET to tetracene, oxygen quenching (1.9 X 109 L mo}-I 

S-I); TT 1.0 p,S 

Lifetime measured in neutral EtOH; spectrum shifts to 767270 
the red (30 nm) with increasing sulfuric acid concen-
tration ({1O mol L -I}); TT = 4.76p,s 

767270 
lPhosphorescence decay in EPA at 77K, triplet ET to 767270 
tetracene; TT= 4.55 fLs; ke\ = 1.0 X 1010 L mol-I S-I 

tPhosphorescence decay in EPA glass at 77 K, triplet 776194 
ET to tetracene, oxygen quenching (2.1 X 109 L mol-I 
S-I); TT = 5.3 p,s 
lPhosphorescence decay in EPA glass at 77 K, triplet 776194 
ET to tetracene, oxygen quenching (8.1 X 108 L mol-I 
S-I); TT 2.5 p,s 

520. 4-[ (2,4-Dinitrophenyl)azo]-N ,N -dimethylbenzenamine 
2-MTHF (103 K) LP 700 

Glycerol triacetate 
(198 K) 

LP 
420 
690 

Triplet not observable above 126 K; below 103 K life- SOBI01 
time constant; TT = 1300 p,s 
Lifetime measured at 233 K; triplet not observable 80BlOl 
above 233 K; TT = 0.033 p,s 

521. 3-[[4-[ (2,4-Dillitl"Oplu:uy l)aw]plu::IlY 1](Z-hydcuxyt:thyl)l:Imillu ]-4-propanenitrlle 

522. 

523. 

524. 

525. 

526. 

2-MTHF (103 K) LP 700 Triplet not observable above 123 K; below 103 K life- 80BlOi 
400 time constant; TT = 670 p,s 

Glycerol triacetate LP 680 Lifetime measured at 248 K; triplet not observable 80B101 
(203 K) above 248 K; 'T I - 0.025 /-,3 

trans -2,4-Dinitrostilbene 
Glycerol triacetate LP 

Glycerol triacetate LP 
(198 K) 

cis-4,4' .Dinitrostilbene 
Cyc10hexane LP 
MeOH LP 

trans-4,4' -Dinitrostilbene 
Cyclohexane LP 
EPA (77 K) FP 
EPA LP 
EPA (88 K) LP 
Glycerol triacetate LP 
(198 K) 
Glycerol triacetate LP 
MeOH LP 

N,N' -Dipentylpyromellitic diimide 
Acetonitrile LP 

1,3·Di(9-phenanthryl)propane 
Decane (293 K) LP 

THF LP 

542 
428 
560 
434 

500 
500 

500 
55Q3 
472 
486 
-735 
496 
500 
500 

555 
510 
420 

48J3 
4478 

4278 

48Q3 
450a 

542 nm peak was the more intense 

560 nm peak was the more intense 

TT 0.083 p,s 

tOxygen quenching in benzene; TT 0.080 p,s 

496 nm peak was the more intense 

lOxygen quenching in benzene 

78B088 

78B088 

747022 
747022 

747022 
747022 
78B088 
78B088 
78B088 

78B088 
747022 

Triplet detected in the presence of N -benzyl-l,4o 83B041 
dihydronicotinamide 

Shoulder at 4028 nm; The shortest wavelength band 82E287 
and shoulder are mainly due to intramolecular triplet 
excimers 
Delay 1 p,s; shoulder at 4238 nm 83E554 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

527. Diphenylacetylene 
Glycerol 

528. Diphenylamine 
3-MP (77 K) 

Cyclohexane 

EPA (-90 K) 
EPA (77 K) 
EtOH (77 K) 
EtOH/Et20 (77 K) 

Hexane 
TolucnclEtOH (77 K) 

529. 9,lO-Diphenylanthracene 
Benzene 

Benzene 

Benzene (298 K) 
Benzene 

Bromobenzene 
Cyclohexane 
Cyclohexane 

Dioxane 
EtOH (298 K) 
EtOH 

Heptane (298 K) 

Liquid paraffin 
MeOH 
Toluene 

Toluene 

Method 

FP 

PS 
PR/ET 

PS 
PS 
MOD/KM 
MOD/KM 

LP 
MOD 

PR/ET 

PR/ET 

FP 
PR/ET 

LP 
PR 
PR/ET 

PR 
FP 
FP/ET 

FP 
FP 
LP 
LP/ET 

PR/ET 

530. 4,4' -Diphenylbenzophenone 
Alcohol/Ether (77 K) MOD 

531. 2,6-Diphenyl-l,4-benzoquinone 
Dibutyl phthalate LP 

Amax, Emax 

Inm /L mol- i cm- i 

418 
380 

545 
530, 10400 

558" 
549 
550,31000 ± 7700 
550, 28600 ± 11000 

520 
555" 

445, 17700 

445, 13800 

-450 
450, 20000 ± 1000 

452 
445 
440, 16000 ± 1000 

425 
-440 
421,26OOOc 

-4~0 

440 
440 
452, 15500" 

448, 16000 ± 1000 

415 

600' 

532. 2,6.Diphenyl-l,4-benzoquinone/Diphenylamine 
Toluene (261 K) LP 700" 

533. 2,6-Diphenyl-l,4-benzoquinone/TMPD 
Dibutyl phthalate LP 610" 

560' 

Comment Ref. 

418 nm was the stronger band; TT = 267 ,""S 747417 

TT = (2.0 X 0.1) X 106 ,""S 67E 106 
Erelative to benzophenone ketyl radical in cy- 71E360 
clohexane (Emax = 3700 L mol- I em-I); reference E 
obtained by starting from Ema. = 3220 L mol- i cm- I 

for this ketyl radical in water and assuming the f of the 

ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds 

42B002 
tPhosphorescence decay; TT == (1.9 ± 0.2) X lOt. ,""S 67EI06 

737055 
Glass was 2:1 EtOH to Et20; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con· 
text 

Glass was 19;1 toluene to EtOH 
84E043 
719059 

E relative to naphthalene in benzene (Ema. = 17500 L 690087 
mol- I cm- I) 
E relative to benzophenone in benzene (Em.s == 10300 690087 
L mol- I em-I) 
TT = 5OOO± 2500 ,""S 746270 
Erelative to biphenyl in benzene (Em = 27100 L mol- 1 83E281 
em-i) 

83E281 
690087 

E relative to biphenyl in cyclohexane (E361 = 42800 L 83E281 
mol- 1 em-i) 

690087 
TT = 3000 ± 1500 ,""S 746270 
Triplet ET from eosin; E relative to eosin in EtOH (ES80 78E019 
= 9400 L mol-\ em-I) 
TT = 2:;00 ± 1300 ,.,.S 

Triplet ET from anthracene; E relative to anthracene in 
benzene (<I>T = 0.72, t:.m.5 = 42000 L mol- I em-i) 
assuming <l>T = 0.72 for anthracene in toluene; oxygen 
quenching (3.4 X 109 L mol- 1 S-I); paper shows a 
spectrum with a peak at 428 nm with an E of 18500 L 
mol- I em - I which we take to be the spectrum of the 
sensitizer anthracene; TT = 103 ,""S 

E relative to biphenyl in benzene (Em = 27100 L mol- 1 

em-i), assuming no solvent effect 

Glass was 2:1 alcohol to ether 

TT = 0.56!-,-s; ET = 218 - 238 kJ mol- i 

Claimed triplet exeiplex; TT = 0.083 ± 0.012 ,""S 

746270 

65F031 
83E281 
82E451 

83E281 

76E682 

79B044 

79B044 

Claimed triplet exeiplex; TT = 0.039 ± 0.003 ,.,.8; ET = 79B044 
< 175 kJ mol- I 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am •• , Em •• Comment Ref. 
/nm /L mol- I cm- I 

534. 2,6·Diphenyl·l,4.benzoquinone/Triphenylamine 
Benzene (293 K) LP 650 550 nm band was the more intense; TT = 0.2 fLs 81E715 

550 
Benzene/MeOH (293 K) LP 650 650 nm band was the more intense; solvent was 19: 1 8lE715 

550 benzene to MeOH; TT = 0.083 fLs 
Dibutyl phthalate LP 670- Claimed triplet exciplex; TT = 0.14 ± 0.0 I fLs; ET = < 79B044 

550· 175 kJ mol- I 

535. 1,4·DiphenyJ·l,3.butadiene 
2-MTHF (123 K) LP -395 82E429 
Acetonitrile (298 K) LP·ET 384 tTriplet ET from benzophenone 82E429 
Benzene (295 K) LP/SD 395 ± 2, 45000 ± 6800 Triplet yields enhanced by presence of O2; TT = 2.6 ± 82E365 

0.3 fLs 
Benzene (298 K) LP-ET 394 tTriplet ET from biacetyl 82E429 

372 
Benzene LP 405 tOxygen and azulene quenching; TT = 2.6 ± 0.2 fLs 84E319 
Bromobenzene (295 K) LP/SD 416 ± 2,45000 ± 6800 TT = 1.5 ± 0.2 fLs 82E365 
Cyc10hexane (295 K) LP/SD 390 ± 2,60000 ± 9000 Triplet yields enhanced by presence of O2; shoulder at 82E365 

372 nm; TT = 1.6 ± 0.2 fLs 
EPA (77 K) FP 435 Main peak at 398 nm; TT = 2450 fJ.s 707199 

413 

398 
357 

Ethyl bromide (295 K) LP/SD 392 ± 2, 55000 ± 8300 'TT = 2.5 ± 0.3 fLS 82E365 
Ethylene glycol LP 393 tOxygen and azulene quenching; shoulders at 375 and 84E319 

365 nm; 'TT = 5.0 fLs 
Glycerol triacetate LP -390 TT=4}Ls 82E429 
(298 K) 
Glycerol triacetate LP 396 TT = 1500 j..LS 82E429 
(198 K) 
MeOH (295 K) LP/SD 385 ± 2, 58000 ± 8700 Triplet yields enhanced by presence of 0 1 82E365 

536. 1,4-Diphenylbutadiyne 
PMMA PS 450 Polarization also measured; phase sensitive detection; 78E152 

TT = 8.0 X 103 JLS 

537. 1,2·Diphenylcyclobutene 
Benzene (298 K) FP -390 TT = > 200 fLs 81E214 
Benzene (298 K) LP-ET -385 tTriplet ET from benzophenone, oxygen quenching (4 81E214 

X 109 L mol- I S-I); bandwidth -3000 cm- I; TT = > 
3 fLs; kCI = 6.5 X 109 L mol- I S-I 

Benzene (298 K) LP-ET -385 tTriplet ET from xanthone, oxygen quenching (3.4 X 81E214-
109 L mol- I S-I); bandwidth -3000 cm- I; 'TT = > 3 
fLs; kCI = 6 X 109 L mol- I S-I 

EPA (77 K) LP 392 8lE214 
373 

EPA (298 K) LP -370 81E214 

538. 1,4-Diphenyl-2,3.dibenzoyl·l,4-epoxy·l,4·dihydronaphthaJene 
Benzene LP/RA 49U ± 5, 527U ± 1300 lUxygen and azulene quenching; E relative to benzo- 84A3,S,S 

phenone in benzene (Em = 7600 L mol- I cm- I
), as-

suming CPT = 1 for benzophenone and taking CPT = 
0.66 for the compound in benzene; 'TT = 1.7 ± 0.3 fLs 

MeOH LP 480 ± 5 tOxygen quenching; 'TT = 1.6 ± 0.2 }Ls 84A355 

539. 1,1.Diphenylethylene 
tert-BuOH LP-ET -330 tTriplet ET from acetone 82E204 

540. 9,9·Diphenyl·9H .9·germafluorene 
MCH/Isopentane (77 K) FP 380U tPhosphorescene lifetime; glass was 3:1 MCH to iso- 81E648 

pentane; shoulder at 363- nm; 'TT = 4.5 X lOs p,s 

J. Phys. Chem. Ref. Data, Vol.1S, No.1, 1986 



No. 

541. 

TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 103 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method 

1,6~Diphenyl-l,3,5;'hexatriene 

1,2-Dichloroethane LP 

1,2-Dichloroethane PR 

2~MTHF (123 K) LP 
2-MTHF (298 . K) LP 

Aceionitrile(298K) FP 

Benzene PRIET 

Benzelle .(298 K) LP-ET 

Benzene (295 K) LP/SD 

Bromobenzene (295 K) . LP/SD 

CTABITritonX·lOO LP 

Cyclohexane· ... PR 

Cyc10hexane (295 K) LP/SD, 

"'max, Eme.x Comment Ref. 
Inm IL mol- 1 cm- I 

425 
400 
425 
400 
428 
~420 
396 
413 
390 
422.5, 113000 

. 3978,705()()4 

425 
400 
426 ± .2, 104000 
16000 
430 ± 2, 105000 
16000 
415 

425 
400 

Radical cation (Am"" -615nm) also formed by a bi- 80N033 
photonic process 
Radical cation (Arnax -615 nm) also formed 80N033 

82E429 
82E429 

82E429 

E relative to biphenyl in benzene (E3S9 = 27100 L mol- l 761088 
em -:-1); Eref unstated, but assumed froin authors' earlier 
work 
tTriplet ET from benzophenone and biaeetyl 82E429 

± Triplet yields enhanced by presence of 02,; T'T 1O.± .82E365 
1 JA-5 

± T'T == 13 ± l,...s 82E365 

Surfactant ratio 1:2CTAB to Triton X~l00; mixed 80N033 
aqueous micelle; TT = -30j.LS 
Radical anion (Amax -660 nm).and -cation (Amax -630 SON033 
nm) also formed;. half~life 20 IJ-S 

± Triplet yields enhanced by presenCe of 02;TT = 20 ± 82E365 .. 416 ± 2, 114000 
1'1000. 2~ . 

,EPA (77J{) FP 

EtOH PR/RF 

EtOH LP 

Ethyl bromide (295 .. K) . " LP/SD 

Glycerol triacetate LP 
(198· K) 
Glycerol·triacetate LP 
(298.K) 
MeOH.(~?5,.K) LP/SD 

SDSlTriton X-l00 LP 

542. 1,4-Diphenylnaphthalene 
3~MP (77 K) PS/ESR 

543. 1,S·Diphenylnaphtbalene 
3-MP (77:K) PS/ESR 

544. 1,8~IJIPbenyl·1,3,5, 7 -oetatetraene 
2-MTHF (298 K) LP 
2.MTHF,(123K) LP 
Acetonitrile (298 K) FP 

Benzene PRIET 

Benzene (298 ' K) FP 

Benzene (29SK) LP/SD 

Bromobenzene,(295 . K) LP/SD 

.429 
405 
415, 113000 
)88a

, 70300 8 

420 
390 
420 ± 2,114000 
17000 
422 

418 

410 ± 2,. 121000 
18000 
425 

505, -10000 
444,32500 

538,22800 

435 
44(} 

432 
408 
440, 162000 

444 
419 
445 ±2, 188000 
28000 
450 ± 2, 179000 
27000 

Main peak at429nm; T'T. =400 IJ-s 707199 

E. relative to J,6-diphenyl-l,3,5-hexatriene iri benzene. 761088 
(E422,S= [13000 L .mor-·' cm-1)assumins; oscillator 
strength .independent of solvent; ET .= -150 kJ mol- 1 

Radical cation (Amax -600nm) also formed by a bi- 80N033 
photonic process 

± TT =:.12 ± 1 j.LS 82E365 

TT == 300 J.LS 82E429 

82E429 

± Triplet yields enhanced by presence of02;T'T = 30 ± ·S2E3(i5 
3 IJ-s 
Surfactant ratio 2:3 SDS to Triton X-l00; mixed aque- 80N033 
ous micelle; TT = - 30 J.LS 

tESR; oscillatpr strength -0.02,0.52 69BOO2 

tESR;osciIlator strength = 0.25 69B002 

82E429 
SlE429 

TT 7Q ILS 82E429 

E.relative to biphenyl in benzene (Em == .27100 Lmol,-I . 161088 
em -I); Erer unstated, but assumed from authors'earlier 
work 
tTriplet ET from benzophenone and biphenyl;·1'T·= 82E429 
l00J.LS 

± Triplet yields enhanced ·bypresence Of02;T'T =,21 ± 82E365 
2j.LS 

± T'T = 14 ±lJAS 82E365 

J.Phys. Chem. Ref. Data, VOI •. 15,No. 1, 1988 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases ~ Continued 

No. Solvent 

cyclohexane (295 K) 

EtOH 

Ethyl bromide (295 K) 

Glycerol triacetate 
(298 K) 
Glycerol triacetate 
(198 K) 
MeOH (295 K) 

Method 

LP/SD 

PR/RF 

LP/SD 

LP 

LP 

LP/SD 

545. 2,S-Diphenyl-l,3,4-oxadiazole 
Benzene LP 

Cyc10hexane FP/TD 

546. 2,S-Diphenyloxazole 
Benzene PR 

Benzene LP 

Cyclohexane PR 
Cyclohexane FP/ET 

EPA (77 K) CWL 
EtOH FP/ET 

547. N,N' -Diphenyl-p -phenylenediamine 
Benzene PR/ET 

!-max , Emax Comment Ref. 
Inm IL mol-I em-I 

431 :±: 2, 21UlKJU :±: Tnplet Yields enhanced by presence 01U2; TT = 4U ± l!2hJb5 

32000 4ILs 
427, 162000 E relative to 1,8-diphenyl-l,3,5,7-octatetraene in ben- 761088 

zene (E440· = 162000 L mol-I em -I) assuming oscillator 
strength independent of solvent; ET = -120 kJ mol-I 

440 ± 2, 230000 ± TT = 11 ± 1 /-Ls 82E365 
35000 
440 TT = 60 /-Ls 82E429 

444 TT = 1(0)Jos S2E429 

430 ± 2, 191000 ± Triplet yields enhanced by presence of O2; TT = 34 ± 82E365 
29000 3 I-ls 

550 

449,670a 

440, 880" 
432,9ooa 

425,980" 

500 

570 

500 
500, 13000 

515 
500, 28400 ± 1500 

615,26800 

tOxygen quenching (1.6 X 109 L mol- I S-I); 100 ns 777265 
delay; "PPD"; 'TT - 0.300 I-lS 
Authors claim that the spectrum reported in [777265] is 83E216 
erroneous; oscillator strength =0.01 

tTriplet ET from naphthalene and triplet ET to an- 720206 
thrac::ene; "PPO" 
tOxygen quenching (2.5 X 109 L mol-I S-I); 100 ns 777265 
delay; TT = 0.200 ILs 

720206 
tTriplet ET to anthracene; E relative to anthracene in 80E439 
cyclohexane (Em = 64700 L mol-I em-I); TT = 1.7 X 
103 )JoS 

74B003 
E relative to naphthalene in EtOH (Em = 40000 L 747049 
mol-1 em-I); TT 2500 ± 1300 /-LS; ket =(9.2 ± 1.0) 
X 109 L mol- I S-I 

E relative to benzophenone ketyl radical in cy- 71E360 
clohexane (Emax 3700 L mol- I em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyc10hexane to ben-
z.ene E.max ratios of USj tor naphthalene and. 1.4~ for 
anthracene 

548. N,N I -Diphenyl-p-phenylenediamine, conjugate acid 
EPA/Acetic acid FP/ELT 610 
(137.4 K) 6oob

, 67000 ± 15000 

549. 9,9-Diphenyl-9H -9-silafluorene 
MCH/Isopentane (77 K) FP 

550. N -[(Dipropylamino)methyI]phthalimide 
EtOH FP 

551. Durene/Tetracyanobenzene 
Et20/1s0pentane (77 K) MOD 

J. Phys. Chem. Ref. Data, Vol.1S, NO.1, 1986 

590 
350 

541 

tPhosphorescence decay; E relative to the radical cat- 67Aool 
ion of compound (E390 = 22000 L mol- I em-I); solvent 
was 97:3 EPA to acetic acid; EPA was 8:3:5 Et20 to 
isopentane to EtOH in this work 

tPhosphorescene lifetime; glass was 3:1 MCH to iso- 81E648 
pentane; T1 = 3.0 X 106 ILS 

tOxygen quenching, diene quenching; maxima as-79A147 
sumed from text; TT = 10 /-Ls 

Glass was 1: 1 Et20 to isopentane; another maximum 72E276 
>1430 nm 



No. 

552. 

TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 105 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules·in condensed:phases- Continued 

Solvent Method 

DurQquinon~ . 
2 .. PrOH LP 
Acetonitrile LP 
Acetonitrile (293 K) FP 
Benzene PRlE1 

Benzene PRIET 

Benzene PRIET 

Benzene LP 
Benzene LP 

Benzene PR/ET 

Benzene (293 K) . FP 

Cyclohexane PRIET 

Cyclohexane PR/ET 

CyeJOheXane PRiET 

Cyelohexane PRIET 

Cyelohexane LP 

Dioxane FP 
EtiO FP 
EtOH· . FP 
EtOH LP/RF 

EtOH/Sulfuricacid FP 

EtUJ:1/Water FP 
Liquid paraffin FP 

Liquid paraffin LP 

MeOH (293K) FP 
PMMA FP 

·SDS Lp··.· 
Toluene LPIET 

Water LP/RF 

Aniax , Ema~ 

Inm IL mol- 1 em-I 

457a 

485a 

480 
490,.9450 

490,8600 

490, 11400c 

490 
477a 

490,6950 

490 
490b, 4250 

490b
, 4950 

490b,4900 

490,5330 

490 
4508 
3101 

485 
-485 
.....;485 
490, 5580± 550 
455a 

3108 
-490 

"';485: 

490 
460 
458a 

460 
470 
-450 
490, 7600± 5.00 

500,. 4200 ± 450 
440 
420 
395a 

Comment 

fTriplet ET to anthracene; shoulder at 484-
50 ns delay; quenched by amines 

. E relative to biphenyl in cyclohexane (E361.3 = 35400L 
mol-I em-I); author reports a mean of 9800 L mol-I 
cm- I from· 3 separate standards 
nelative to anthracene incyclohexane (E420 = 57200 L 
mol- 1 cm-:-I); author reports a mean of 9800L mol-:-I 

cm.,-l from J separate standards 
E relative to naphthalene incyclohexane (E412.S. = 22600 
L mol-I em -I); author reports a mean of 9800 L mol-I 
em' I. from 3 separate standards 
TT= 3.1 ,""S 

fTripletET to. anthracene and dibenz[a ,h ]antbracene; 
Tf=lO ,",S 
c· relative .. to beru:;ophcnone ketylradical in cy
dobexane (Emu =3700 L mol-I cm-I);E obtaiJl~d 
from Ii simultaneous . least . squares fit of data from· 
several comPounds making use of eyclohexane to ben-
zene Emu. ratios of L83 for naphthalene and 1.45 for 
anthracene 

Ref. 

717520 
777602 
82E614 
690520 

690520 

690520 

70E288 
717520 

71E360 

. 82E614 
E relative to biphenyl in cyelQl)exane (E36\.3·~ 35400L 690520 
mol-I em-I); a\lthorreports a mean of4700,L mol-1 

em-I ftom3. separate standards 
E relative lo ~thracene in eyClohexane(£420 = 57200L ·690520 
inOl-l.em- 1); author reportS·~ameanof 4700 L mol-I 
em -1 from 3 separate: standards 
E relative to naphthalene in eyc1ohexane. (Em.s=· 22600 . 690520 
L mol-:-lcm:-,I), author reports a ~ean of 4700 L mol,.-1 
cm- 1 from 3 Separate standards 
Erelative tobenzophenone ketyl radical in ey- 71E36O 
elohexane (EmaJI = 3700L mol-.I em-I); reference E .... 
obtained.by starting froinEmax =,·3220 Lmol- I cin- I 

for this ketyl radical in water and assuming tbe f of the 
ketyl radicalis independent ofsolvent; final E obtained 
from AsimultAncoW5.1eMt6qUaI'~ fit to dAta· frow 
several compounds . 
Relative intensities (5:4:11); TT = 21 ,""s; oscillator 767144 
strengtJ'! = 0.121 ± 0;005 

Half-life = -30 ~ 
Half~life ::;;; -.30 ,",S 
Half-life = - 30 .~ 
E relative to duroquinone in eyc1cihexane (£490 = 5330 
L mol-tern-I) assuming oscillator strength indepen
dent of solvent; relative intensities (1:1:2); TT 15 iJ.s 
Solvent Wali50% 0.1 mol L -I H 2S04 and 50% alcohol; 
balf-life= 30 IJ.S 
Solvent was 1:1 EtOHto water; half-life = -:30 p.s 
Half-life = 100.~ 

587005 
587005 
587005 
767144 

587005 

587005 
587005 

:QUenching by anthracene; shoulder at 4938 nD1; 717520 
TT = 29p,s 

TT = 180 ±1O ,",S 

Aqueous micelle 

82.E614 
707305 
83NOS6 

E.relativ~ to anthracene in toluene (Em,s 
mol-:- J em-I) 

42000 'L 83F075 

Erelatjveto duroquinone in cyelohexane(E490 5330 767144 
L mol--! em ":1) assuming oscillator strength indepen-
dent of solvent; relative intenSities. (4:~:4: 12); TT= . !)~y 

,",,8 

J;PhY8~ Chem.Ref. Data, Vol.15JNo~ 1J.19~6 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

Water/EtOH LP/ELT 

Water/MeOH FP 

553. Duroquinone/Triphenylamine 
Benzene (293 K) LP 
Benzene/MeOH (293 K) LP 

554. Duroquinone, conjugate monoacid 
Water/MeOH FP 

555. Echinenone 
Benzene PR-ET 

556. Eosin 
Acetonitrile/Water LP 
EtOH FP/SD 
Water FP 

557. Eosin/Aniline 
Water FP 

558. Eosin/4-Bromophenol 
Water FP 

559. Eosin/2-Naphthol 
Water FP 

560. Eosin/Resorcinol 
Water FP 

561. Eosin/Sulfanilic acid 
Water FP 

562. Eosin dianion 
Water FP/SD 

Water FP 

Water FP/SD 
Water FP/TD 

Amax, 
/nm /L mol- I cm- I 

490a 

450' 
420b

, 6600 ± 800 

510" 
440" 

490 
650 
550 

470· 
-380" 

550 

580 
580,9400 
550 

555 

660 

584 

580 

597 

540,26000· 

565a 

325 

518b, 28000 ± 4000 
630,4800 

563. 5-(1,4-Epidioxypbenyl)-6,11,12-tripbenyltetracene 
Cyc!ohexane LP 3903 

564. Ergosterol 
Benzene LP-ET/TD 305, 2800 ± 500 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Comment Ref. 

E relative to durosemiquinone (E420 = 4700 L mol- l 777045 
cm -I) assuming complete conversion in the presence 
of Fe2+ ions; solvent was 2: 1 water to EtOH by vol-
ume; TT = 6.3 ± 0.8 J-Ls 
Solvent was 4: 1 water to MeOH by volume; lifetime 80COO5 
measured at pH = 0.7; TT == 1.3 J-LS; pH > 1 

TT = 2 J-Ls 
650 nm band was the more intense; solvent was 19: 1 
benzene to MeOH; TT = 0.27 J-Ls 

8IE715 
8IE715 

pKa = - 0.1; solvent was 4:1 water to MeOH by vol- 80COOS 
ume; lifetime measured at pH = - 0.8; 1'T = -0.3 J.Ls; 
pH<1 

tTriplet ET from naphthalene; TT = 5.2 ,",S 80A143 

Solvent was 3.5: 1.5 acetonitrile to water; TT = 30 J-Ls 84E216 
716235 

Maximum was near the SD region; pH 9.1 746168 

Maximum was near SD region; pH 5.5 746168 

pH 9.2 746168 

pH 9.0 746168 

pH 7.3 746168 

pH 4.0 746168 

Decay time was measured at pH 9; solution was oxy~ 63AOOI 
gen free; pKb > 10; paper reported a band at 459 nm 
that was later suggested to be due to semi-oxidized 
enr.:in [65A()()2]; 1'T = 2400 IJ.S; pH 5.4 
565 nm maximum was near the SD region in an appar· 66AOO2 
ent difference spectrum and may not be the true max-
imum; paper reported 580 nm (instead of 565) as a 
maximum, but displayed spectrum and other reports 
were inconsistent with this; solution was a 0.1 mol L -I 
phosphate buffer solution; pH 7.2 
pH9 67E031 

pH Basic 727073 

A rubreneperoxide, called "III" in paper 84E056 

tTriplet ET from 2-fluorenyl phenyl ketone and other SOB021 
triplet sensitizers; E assumes ET proceeds with unit 
efficiency; 1'T = > 150 J-Ls; ET -220 kJ mol-I 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method 

ErythrolSin 

? FP 

Acetonitrile/Water LP 

Erythrosin dianion 
Gelatin FP/SD 

Water FP/SD 

2· Ethoxynaphthalene 
Cyc10hexane FP 

Liquid paraffin FP 

Ethyl Violet 
PMMA (77 K) PS 

10-Ethyl·9( lOH)·acridinone 
EtOH (300 K) FP/SD 

N.Ethylcarbazole 
2-MTHF LP 
Acetonitrile LP/ET 
Cyc1ohf"xanf> FP 

Cyclohexane FP/ET 

EtOH LP/ET 

Hexane FP 
MeOH LP 
THF LP 
Toluene LP 

A.max , Emu 

Inm IL mol- 1 cm- 1 

600 
390 
780 

525", 12000' 

526b
, 26000 ± 7000 

440' 
411" 
436 
413 
394 

1232" 
625" 

580, 14600 ± 1500 
310 

420 
420,27000 
",,00' 

425" 
420,13500 

420,25000 

420 
420 
423" 
425 

Comment Ref. 

Solvent was not specified, probably water at an un- 747229 
known pH 
Solvent was 3.5:1.5 acetonitrile to water 84E216 

Extinction coefficient was calculated on the assump- 64E016 
tion that 44% of the ground state was converted to 
triplets in a 10 J flash; TT = 630 f-ts 
pH 9 67E031 

440 nm peak was the more intense; delay 30 f-ts 686045 

Solvent viscosity was 0.19 N·s/m~; relative intensities 58EOOI 
(10:8:5) 

Relative intensities (3:20); shoulder at 535a nm; solvent 69B003 
contains 2-chloroethanol 

"N-Ethylacridinone"; 310 nmquoted from [79E964]; 81E649 
'TT = -43 f-ts 

Shoulder at 500 nm; 'TT 5 f-ts 81E016 
erelative to phenanthrene (E480= 27000 L mol- I em-I) 77B012 

7&A36R 

E relative to naphthalene in cyclohexane (E.m 24500 84F039 
L mol- 1 cm- I) 

E relative to phenanthrene (E480 27000 L mol- I 78E394 
cm -I); solvent and temperature assumed 
tOxygen and piperylene quenching; "ethylcarbazole" 

Delay 1 f-tS; shoulders at 4983 and 398a nm 
tRises with flourescence decay; 100 ns delay 

757573 
77BOl2 
83E662 
80E441 

571. (E ,Z).3·Ethyl·S[(3.ethyl·2(3H)-benzotbiazolylidene)ethylidine ).2·thioxo·4·thiazoIidinone 
Toluene FP-ET 600a tTriplet ET from fluorenone; "merocyanine dye" 767764 

572. l-Ethyl.2-[S-(1-ethyl-l,3.dihydro-3,3·dimethyl-2H.indo1.2-ylidene)·3.fluoro.l,3-pentadienyl]-3,3·dimethyl.3H.indolium 
I-PrOH Lp·ET 710 tTriplet ET from anthracene, oxygen quenching; 'TT 78A386 

= 109 f-ts 

573. 1.Ethyl.2·[5·(1·e~hyl.l,3·dihydro·3,3·dimethyl-2H .indol.2.ylidene).1,3.pentadienylJ..J,3.dimethyl.3H .indolium 

574. 

575. 

576. 

I-PrOH LP-ET 690 iTriplet ET from anthracene, oxygen quenching; 'TT 78A386 

l·Ethylnaphthalene 
Isooctane LP 

2.Ethylnaphthalene 
Benzene PR 

9-Ethylphenanthrene 
Liquid paraffin (293 K) LP 

THF LP 

41Sa 

390· 

430· 

482" 
452" 
480· 
4533 

455 f-ts 

8lEOIS 

iTriplet ET to piperylene; TT = 7.1 f-ts; kc, 1.29 X 81E508 
109 L mol-I S-I 

Shoulder at 428' nm 82E287 

tTriplet ET to naphthalene; delay 500 ns; shoulder at 83E554 
427" nm 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama. , Ema• Comment Ref. 
/nm /L mol-I em-I 

577. N -Ethylphthalimide 
Acetonitrile LP 335 tOxygen quenching; TT = 31 ,."S 80B066 

578. P-Ethylstyrene 
Cyclohexane LP/RA-ET 325b, 3500 E relative to naphthalene in cyc10hexane (E413 = 24000 82E181 

L mol-I em-I), but in ref. cited (E415 = 24500 L mol-I 
em-I); triplet ET from thioxanthone; TT = -0.030,."s 

579. Etiochlorin II 
Dimethyl phthalate FP/SD 416" Shoulders at 466 nm and 424 nm 74B007 

580. Euchrysine, conjugate monoacid 
Glycerol (293 K) FP 620· Solvent has added glucose 776171 

560a 

581. Flavine mononucleotide 
Water LP 680 TT = 11 I-"s; pH 7.0 8 I A024 

582. Flavine mononucleotide, conjugate monoacid 
Water LP 680 pKa = 5.2; TT = 10 ,."s; pH 4.1 81A024 

583. Flavone 
Benzene LP 661" tOxygen quenching; 661 nm peak was the more in- 80E884 

366a tense; delay 140 ns 
EPA (77 K) FP 640" Lifetime measured at 370 nm; 370 nm peak was the 80E884 

370" more intense; TT = 4.1 X lOs ,."S 

584. Fluoranthene 
PMMA (293 K) FP -450 TT = 4 X lOs fJ-s 70E291 
Water/tert-BuOH FP 405" Solvent mixture contains "1-5%" tert-BuOH for solu- 767189 

bility; shoulder at 380 nm; pH -6 

585. Fluorene 
2-MTHF (77 K) PS/ESR 384,20700 tESR; only most intense visible peak reported; osciI- 696115 

lator strength = -0.25 
2-MTHF (77 K) PS/KM 386", 18()()(r HJhJIS3 

EtOH (293 K) FP 376 68E098 
EtOH/EhO (77 K) MOD/KM 382, 12000 ± 3600 Glass was 2: 1 EtOH to Et20; temperature was not 719059 

explicitly stated, but 77 K was inferred from the con-
text 

Heptane (77 K) PS 421 67B007 
386 
366 

Heptane FP 380" 380 nm peak wns the mote inten3e 766421 

365a 

Hexane FP 376 54EOOI 
Hexane (300 K) MOD/SD 499",3200· TT = 150 ± 2,.,,8 69E208 

376,40000 
IsopentanelMCH (77 K) PS 421.1 Relative intensities (23:100); unresolved shoulder at 54BOOI 

388 395 nm; TT = (5.7 ± 0.3) X 106 ftS 
Liquid paraffin FP 503 Solvent viscosity was 0.03 N.s/m2; relative intensities 58EOOI 

382.5 (22:100): bands were assigned to 2 different electronic 
transitions 

PYA FP 385 Stretched polymer film; polarized light indicates un- 776279 
derlying band at 400 nm 

Polystyrene PR 394a GE394 = 9900" L mol-I em-I / (100 eV absorbed) 701073 
Toluene/EtOH (77 K) MOD 387" Glass was 19:1 toluene to EtOH; shoulder at 5098 nm 719059 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method hm., , Emax Comment Ref. 
10m /L mol- 1 cm- 1 

586. Fluoren·9·one 
Acetonitrile LP/? 420,6000 E method unspecified; TT 23 J.Ls 767201 
Acetonitrile LP 630 Untensity of delayed fluorescence proportional to 78E495 

600 square of transient absorbance, decay kinetics; most 
425 intense peak at 285 nm; TT = 100 J.Ls 
387 
317.5 
285 

Benzene FP 600 !Oxygen quenching; TT 60 1J.s 69E218 
430 

Benzene LP/ET 430, 5900 ± 500 tTriplet ET from benzophenone; E relative to benzo- 757282 
phenone in benzene (Ems = 7630 L mol- 1 em-I) 

Benzene LP 610 TT = 100 J.Ls 767201 
425 

Benzene LP 650 tIntensity of delayed fluorescence proportional to 78E495 
610 square of transient absorbance, decay kinetics; most 
435 intense peak at 288 nm with approximate E 30000 L 
387 mol-I em-I; TT 1000 J.LS 

322.5 
288 

Cyc10hexane LP 590' tTriplet ET, oxygen quenching; decay times limited in 766464 
425 oxygen saturated solution; shoulder around 445 nm; 

relative intensities (1:10); TT = 0.220 J.Ls; rise time of 
0.140 ± 0.030 ns 

Cvclohexane LP 620 tOxygen quenching; "TT = 2_5/1.11.; ri<:.p timp of <,,0 n<: 7fi7?01 

460 
420 
360 

Hexane LP 600 325 ps delay; relative intensities (1:3) 79B007 
430 

MCH LP 650 flntensity of delayed fluorescence proportional to 78E495 
600 square of transient absorbance, decay kinetics; most 
425 intense peak at 285 nm; TT 500 J.Ls 
387 
325 
285 

Water/tert-BuOH FP 440' Solvent mixture contains "1-5%" tert·BuOH for solu- 767189 
40Y biUty; pH -6 
37GB 

587. t·Fluorenyl diisopropyl borate 
TriisopropyJ borate FP 380 717266 

588. 2·Fluorenyl diisopropyl borate 
Triisopropyl borate FP 380 717266 

589. Fluoren·9·ylide~e 
Acetonitrile LP 500a Relative intensities (8: 1); 200 ns delay 80A222 

400" 

590. 2.Fluorenyl phenyl ketone 
Benzene LP/TD 525, 18600 ± 900 TT = 360 J.Ls 80B021 

591. Fluorescein 
Boric acid (178 K) PS/SD 650,21000' E relative to ground state 1:436 = 67000' L mol- 1 em-I. 41EOOI 

505. 17000' 
Boric acid (77 K) PS/SD 1060, 17000 65B004 

920 
650 

EtOH/Et20 (90 K) PS/SD 1140, 13500' Solvent was 2:1 EtOH to EtlO 57BOOI 
640,7000· 
470,9500' 
370, 8'00· 

320,40003 

J. Phys. Chem. Ref. Data, Vol. 15. No.1. 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

PMMA (193 K) PS 

PMMA (77 K) PS 

PMMA (77 K) PS 

PMMA (77 K) PS 

592. Fluorescein, conjugate monoacid 
Sulfuric acid FP /SD 

593. Fluorescein dianion 
EtOH FP/TD 
Water FP/SD 

Water FP/SD 
Water FP/TD 

594. Fluorobenzene 
Cyclohexane LP 

595. 4-Fluorobenzophenone 
Acetonitrile/Water LP/ET 

596. trans-4-Fluorostilbene 
EPA (98 K) LP 

Glycerol (223 K) LP 

"'rna", , Emax 

/nm /L mol-I cm- I 

500 
465 
1100 
960 
660 
1660 

1080 
940 
790 
740 
635 
550 

510 
1056" 
641" 
552" 
498" 

640, 7700" 

570, 6800 
535", 8700" 

489b, 15000 ± 4000 
570,8400 

290· 

520, 5900 
315, 12100 

383 
365 
349 
385 
365 
345 

597. 'Y.[2-(Formylamino)phenyl]''Y-oxo·a-aminobutyryl·L·lysine 
EtOH LP 460 
Water LP 450 

598. 3·Formylfurochromene 
EtOH LP/ET 44O,2S000 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 

Comment Ref. 

Shoulders at 640 and 550 nm 59BOOI 

65BOO4 

6SBOO4 

Relative intensities (5:2:2:2); shoulders at 926" and 46]8 69ROO7 
nm; solvent contains 2-chloroethanol; pH 4.0 

Cation offtuorescein; pKa = - 2.1; solution was 9 mol 63F019 
L- I H2S04; a spectrum was given also for the neutral 
triplet. at pH 0.7. which showed absorption between 
450 and 850 nm, no distinct maximum was evident, but 
the extinction coefficient of the neutral triplet ranged 
between lOOO and 10,000 L mol-I cm -I in this region; 
TT = 4500 f.Ls; pH Acidic 

pH Basic. 
Another maximum> 950 nm; pKb 7.0; 535 nm peak was 
very broad, with 8700 L mol- 1 cm -I reading extend-
ing from -532 to -540 nm; TT = 2.0 X lO41J.S; pH 12 
pH 9 
pH Basic 

400 ns delay; TT = 0.67 IJ.s 

727073 
6OAOOI 

67E031 
727073 

707561 

Solvent was 9:1 acetonitrile to water; E relative to 84B033 
I-methylnaphthalene in acetonitrile/water (Em = 
11200 L mol-I em-I) 

Triplet absorption not observable above 110 K; re- 79E640 
ported lifetime constant below 98 K; TT = 104 f.LS 

Relative intensities (3:2:1); triplet absorption not ob- 79E640 
servable above 244 K; reported lifetime constant be-
low 198 K; TT = lO4 f.Ls 

TT = 0.3 f.Ls 78E30S 
tOxygen quenching (1.3 X 109 L mol-I S-I); ionic 78E308 
strength 0.01 mol L -I; TT = 0.S5 /Ls; pH 7.5 

tTriplet ET to retinol; E relative to retinol in hexane 79E678 
(E405 = 80000 L mol-I cm- I

) assuming E independent 
of solvent; TT = 50 /Ls; ket = 4.2 X 109 L mo)-I s - I 
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TABL~6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emu Comment Ref. 
Inm /L mol-1 cm-: 1 

599. N -Formylkynurenine 
EtOH LP 450 tOxygen quenching (45 X 108 L rilol- 1 S-I);TT= 10 78E30S 

,..,S 
Water FP 435 tOxygen and Klquenching; TT = 2 ,..,s; pH 7.6 757361 
Water LP 440 tOxygen quenching (2 X 109 L mol-1 S:-l); ionic 78E308 

strengthO.01 mol L -1;TT = 6.7,..,s; pH 7.5 

600. 2-Pormyl-5 '-methyldifurobenzene 
. EtOH -LP/ET 540, 14000 tTriplet ET to retinol; e relative to retinol in hexane 79E678 

(E405 = 80000 L mol- 1 cm-I) assuming e independent 
of solvent; TT = 13,..,s; ket = 4.7 X 109 L mol- 1 S-1 

601. 3-F:ormyl·l-metbylfUrochromene . 
EtOH LP/ET 450,49500 tTriplet ET to retinol; erelative toretinoI in hexane 79E678 

(E4OS 80000L mol- 1 Cm-I) assuming E independent 
of solvent; TT = 29 p,s; ket = 3 X 109 L mol- I S-I 

602. 3-Pormyl.;8·methylfurochromene 
EtOH LP/ET 450,22000 tTriplet ETto retinol; E relative to retinol in hexane 79E678 

(E405 = 80000.L mol- I cm-I) assuming E independent 
of solvent; 'l'i- - 18,",3; Ice! - 6 X 109 L ·mol- I 3- 1 

603.· ·o·Glucose pbenyloS8Z0ne 
EtOH LP/ET 460", 61200 N-chelate; no ref. cmpd. given for E-measurement;TT 83EOt8 

=OA6 ± 0.01 ,..,S 
EtOH LP/ET 530 N-chelate; Erelative to biacetyl in EtOH (E74O = J760 84E162 

460, 61000 ± 18000 Lmol-:lcm--:l); ket = 2 X 109 Lmol-1 S-I 

604- Hematoporphyrin IX 
Acetic·. acid FP 450 *Oxygen quenching 776190 
Acetic acid LP 440 *Triplet ET to ,8-carotene; TT = 42 ,..,S 81Bl15 
CTAB LP 888 Aqueous micelles 82N21O 

435 
320 

EtOH FP ·437' *Oxygen quenching; TT = 91Op.s 82B118 
MeGH/Water LP/TD 39~,.117000' Solvent 9:1 MeOH to pH7Aphosphate buffer; shoul- 83E667 

ders at 3 70" and 320' nm 
SDS LP 896 Aqueous micelles 82N21O 

.43S· 
323 

Triton X,100 LP 895 Aqueous micelles 82N21O 
439. 
320 

Water FP 440 *Oxygen quenching; TT 71OJLs; pH 10.3 82B1l8 
Water LP 890 pH Neutral 82N21O 

.un 
320 

Water FP 440 *Oxygen quenchingjphosphate buffer; TT = 770JL8j 82B118 
pH 7.1 

Water LP/TD .390". 79400" Phosphate buffer: pH 7.4 83E667 
3718

, 85S00-

605. all~trans -1,3,5-Heptatriene 
Toluene PR 315 tOxygen quenching; G JiEmax = (1.8 ± 0.2) X 104 L 84B139 

mol- 1 cm- 1 I (lOOeV absorbed)j TT = 0.29 ± 0.0311-s 

606. Hexacene 
1,2,4-Trichlorobenzene FP 550 tTriplet ET from pentacenej shoulder at 481·; 550nm 82E280 

513· peak was the more intense; TT = 10 JLs 

607. 1,1,1,5,5,5~Hexaf1uoroacetylacetone 

EtOH/MeOH (118 K) FP/SD 390, 1ooo.± 200 Solvent was 3:t EtOH to MeOH 68BOO5 

J. Phys. Chem. Ref. Data, Vol. 15, No. 1, _1986 
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'1/\IJU (" Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

608. Hexahelicene 
EhU/lsopentane (77 K.) P:S 

"'max, €m., 
Inm IL mol- 1 cm- I 

670 

Comment Ref. 

~Phosphorescence decay; glass I: 1 Et20 to isopentane; 62EOO8 
TT = 1.9 X 106 /-Ls 

609. 10,1l,13,14,16,17·Hexahydro-S,7:20,22·dietheno-8H,19H·diindeno[2,I-n :1' ,2' -0 ][1,4,7,10]tetraoxacyclononadecin 
2-MTIIP (77 K) PS/KM 383', 17100' Cumpuund "XU" in paper 83E383 

610. 9,10,1l,12,13,14-Hexahydro-5,7:15,17-dietheno-2,20·heptano-B -cyclotetradeca[1,2-a :1,14-a ']diindene 
2-MTHF (77 K) PS/KM 465a,35000a Compound "IX" in paper 83E383 

611. HexamethylbenzenelTetracyanobenzene 
Et20/Isopentane (77 K) MOD 

612. 6-Hydroxy· 7 B -benz[de ]anthracen· 7 -one 
2-PrOH LP 
Benzene LP 

613. 2-Hydroxybenzophenone 
EtOH LP 

MeOH (175 K) LP 

614. 4-Hydroxybenzophenone 
Isopentane (77 K) FP 

615. 4-Hydroxybiphenyl 
PYA (77 K) FP 

616. 3-Hydroxychromone 
Hpn7pnp LP 

617. 4-Hydroxycoumarin 
EPA (77 K) PS 

1400 
532 

530' 
535" 

450 

-500 

512" 
360" 

520 
390 
348 

397" 

497.5 
465.1 
435 
4138 

3828 

Glass was 1: 1 Et20 to isopentane 72E276 

Half-life 2.4 0.4 /-Ls 757427 
tOxygen quenching (1.2 X 109 L mol- I S-I); half-life 757427 

1.0 ± 0.2 J,LS 

Possible tautomeric triplet state; 480 ps delay; So __ SI 80BOOI 
absorption ("'max = 435 nm) also observed at 7 ps delay 
TT = 0.024 J.Ls 82E415 

tPhosphorescence decay o/bI05 

Stretched polymer film; most intense peak at 390 nm; 78B129 
polarization also measured 

Delay 200 ns:; max.imum uncertain due to abSlorption by 83 B 11 ~ 

a tautomer in the same spectral region 

iPhosphorescence decay; the 2 smallest wavelength 71BOOI 
maxima were somewhat in doubt because of photo-
chern. in this region of the spectrum; most intense 
peaks were at 497.5, 465.1, and 435 nm; TT = (1.4 ± 
0.2) X 106 /-LS 

618. 1-(2-Hydroxyethyl)-3,3-dimethyl-6 I -nitrospiro-(2,2 ' -indolin[2H -I ]benzopyran) 
Benzene PR < 430 tOxygen quenching; cis-cisoid isomer 78A411 

619. 3-Hydroxyflavone 
3-MP LP 

620. 7 -Hydroxyflavone 
McOH LP 

621. l-Hydroxyfluorene 
Isooctane FP 
PMM.A FP 

622. 2-Hydroxyfluorene 
Isooctane FP 
PMMA FP 
Toluene/EtOH (77 K) MOD 

J. Phys. Chern. Ref. Data, Vol.1S, No.1, 1986 

400 

370 

385 
385 

385 
385 
4228 

tOxygen quenching 

iO:1l:ygcn quenching; Tl ~ 5 f'8 

83B030 

84A218 

717266 
717266 

717266 
717266 

Glass was 19:1 toluene to EtOH; shoulders at 530' and 719059 
387· nm 
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TABLE 6. . Spectral parameters for triplet~triplet absorption of organic molecules in condensed phases- Continued 

No. Solvent Method . Am"" , Emax 

/nm /L mol- I cm- I 

623. 4-Hyciroxy-6-methylcoumarin 
EPA. CWL 

124. 7.Hydroxy-4-methylcoumarin 
EPA· CWL/SD 5058

, 145W± 3600 

625. 2-Hydroxy-2~methyl.;l-pbenylpropan-l-one 

Benzene LP 310 

626. 2~Hydroxy~2"methyl-l-[ 4-(2-propyl)pbenyl]propan-l-on~ 
Benzene LP 310S 
Cyclohexane LP 340 

627. 9-Hydroxypben~threne 

1,2~:qichloroethane 

6ZS. 4'~I1ydroxypropiophenone 

LP 

AcetonitrilelWater LP 

629. ~Hyctroxypyrene 
1,2-'Dich lnrnethane LP 

630. 1~(1H -Inden-3-yl)napbthalene 
Benzene . LP-ET 

631. Indole 
Benzene (297 K) PR 

Cyclohexane LP/RA 

Cyclohexane LP/ET 

Water (298K) LP 

Water LP/RA 

632. 2-Iodoantbracene 
CyClohexane LP 
Hexane (293K) LP 

633. 9-Iodoanthracene 
·CyClohexane LP 

634. ~Iodobipbenyl 

Toluene PR 

410. 

430 

430,4000 

430",4700 ± 500 

-440 

430,3640 

432 
435 
..;..413 

432 

-400 

635. Iodo(metbanOl)(pbtbaloeyaninato)rbodiumUII) 
Acetonitrile/2~PrOH LP/SD 640b,.9O(} 

590b;22000 

Comment Ref. 

Glass, temperature unspecified 73E344 

Glass, temperature unspecified 73E344 

tTriplet ET to naphthalene; 'TT = 0.030 JLs; ket = 5 X 80B030 
109Lmol-1 S-I 

tTriplet ET to naphthalene; 'TT = 0.050 JLs 80B030 
.80B030 

tPhosphorescence decay in MTHF at 77K; 400 ns de- 79AI77 
lay 

Solvent isotope insensitive quenching; solvent was 9:1 81A174 
acetonitrile to water; lifetime limited by self-quenching; 
'TT =0;230 JLs 

tOxygen. quenching 79Al77 

tTriplet ET from xanthone and oxygen quenching; 'TT 84B007 
= 4.5 fLs 

tTriplet ET to naphthalene and anthracene, oxygen 771021 
quenching 
tOxygen quenching, triplet quenching; Erelative to 777037 
naphthalen~ in cyclohexane(E414 = 24000 L :mol- I 

cm-I)andassuming <l>T=O.77 forriaphthalene and <I>T 
= 0.51 for indole; shoulder at 350 nmi 'TT = 16 fLs 
tTriplet ET to anthracene; Erelativ.e to anthracene in 81E082 
cyclohexane (E422.5 = 64700 L mol- t cni~I);Ecor-
rected for 4% radical absorption at maximum; and for 
energy. tra.nsfer via excited singlet states; 'TT == 16 JLS; 
ke' = 9 X 109 Lmol-1g-1 

Spectrum is the difference between spectra at 50 ns and 757163 
4 J.LS; 'TT= 11.6 ± 0.5 p,s;pH 7.5 
erelativeto indole in cyclohexane (E430 = 4700 L 81E082 
mo]-I em-I) sca]eliby halfwidths;assumesoscillator 
streng~h is independent of solvent 

122 ps delay; rise time of - 30 X 10-3 ns 
Delay lOOps 

122ps delay; rise time of - 50 X 10-3 ns 

tOxygen:quenching 

Solvent was2.6molL -1 2-PrOH 

81E309 
82E303 

81E309 

80A235 

83F405 

J.Phys'.Chem. Ref. Data~V()I.15,No.1, 198E 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

636. 1-Iodonaphthalene 
Toluene 

637. 2-Iodonaphthalene 
EPA (77 K) 

Toluene 

638. f3-Ionone 
Hexane 

Method 

PR 

FP 

PR 

LP/SD 

639. 2-Isopropylthioxanthen-9-one 
Benzene FP 

640. Isopsoralen 
Benzene 

Benzene 
Water 

641. Isoquinoline 
1-BuOH/Isopentane 
(77 K) 
3-MP (77 K) 

PR/ET 

LP 
LP 

FP/SD 

MOD/SD 

EPA (77 K) PS 

Isopentane/MCH (77 K) PS 

642. 

643. 

Isoquinoline-N -oxide 
Cyc10hexane 
EtOH 
Water 

Kynurenic acid 
EtOH 

Water 

644. Lumichrome 
EtOH 

Water 

FP 
FP 
FP 

LP/ET 

LP 

LPIRA 

LP/RA 

J. Phys. Chem. Ref. Data, Vol.1S, No.1, 1986 

Amax , Em"x 

Inm IL mol-I em-I 

430 

424 

400 
430 

330, 85300 ± 12800 

650-670 

405' 
440" 

419.0, 14900 ± 1000 
395·, 7400" 
417, 8800 
395" 
375" 
362a 

346" 
233, 14000 
488 
459 
421.6 
400 
414.1 
392 

418 
396 
389 

570,29000 

590 

560',5200' 
450·,4000· 
370", 22600" 
640,5600" 
570,4800" 
400", 10300' 
350",9000' 
300", 15400· 

Comment Ref. 

tTriplet ET to benz[a]anthracene, oxygen quenching; 80A235 
TT = -0.010 J.Ls 

tOxygen quenching 80A235 

E assumes triplet does not absorb where singlet de- 78E721 
pletion is followed; TT = 0.16 J.Ls; ET = 207 ± 12 kJ 
mol- I 

TT = 95 J.Ls 81A294 

tTriplet ET to f3-carotene; E relative to biphenyl in 78E157 
benzene (E367 = 27100 L mol-I em-I); "angelicin"; kel 
= 5.2 X 109 L mol-I S-I 

78E157 
78E157 

Glass was 3:7 I-BuOH to isopentane; oscillator 707240 
strength = 0.11 
Shoulder at 250 nm 

Relative intensities (3:9:100:66) 

Relative intensities (2:1) 

TT = 3.6 J.Ls 
TT = 7.7 J.LS 
TT = 2.0 J.Ls 

tTriplet ET to naphthalene, oxygen quenching (2 X 
108 L mol- I S-I); E relative to naphthalene in cy
clohexane (E415 = 24500 L mol-I em -I), assuming unit 
transfer efficiency and assuming E independent of sol
vent (authors see naphthalene peak at 417.5 nm in 
EtOH); kel = 4 X 10" L mol I s I 

tTriplet ET to naphthalene, oxygen quenching; TT = 
10 J.Ls; pH 7; ET = 278 kJ mol- I 

73BOOI 

54BOOI 

54BOOl 

727105 
727105 
727105 

79B086 

79B086 

erelative to anthracene in cyclohexane (<I>T = 0.71, E423 777617 
= 64700 L mol-I em-I) and using <l>T = 0.61 for 
lumichrome in ethanol; shoulder around 650 nm 
Lifetime measured at 640 nm; F relative to anthracene in 777617 
cyclohexane (<I>T = 0.71. E423 = 64700 L mol-I cm- I) 
and using <l>T = 0.44 for lumichrome in water; TT = 12 
J.Ls; pH 2.2 
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TABLE 6. Spectral parameters Jor tripleMripletabsorption of organic molecules iri condensed phases - Continued 

No. Solvent Method 

645. Lumiflavine 
Chloroform 
EtOH 

FP/SD 
LP/RA 

Water FP/TD 

Water FP/SD 

Water MOD 

Water FP/TD 

646. ' Lumiflavioe. conjugatemoooacid 
Water FP/TD 

Water LP/RA 

047.Lumiflavio~, negativ~ ion 
Water FP/TD 

648. all-irans-Lutein 
Digitonin (293· K) LP fTI'> 

649. all-trans -Lycopene 
Hexarie FP-ET 

Hexane PRIET 

Hexane PRIET 

650. Lysyltryptopbaoyllysine 
Water (293 K) LP 

651. MafPIesiulnUI) mesupurphyrin 

EtOH,(77 K) FP 

652. MagnesiumOI) ,octaetbylporpbyrio 
MeOH LPIELT 

653. Magilesiuni(II) phtbalocyanine·, 
Dintethylacetamide~ , LP/SD 
/Water 
Dioxane FP 

Dioxane FP 

Amax , Emu 

Inm IL mol- 1 cm- 1 

396a,8130' 
640", 10 1 00" 
51Oa, 5100a 

380', 12900' 
650,5000 

640, 5300" 
376', 13100" 
542" 

690,4400 
.370;10700 

610,·4800 
, 43();7000 
366a, 64O(YI 

650,6900 
420",7000' 
350"; 6500' 

650,-2000 
350, ...... 11000 

,·518, 4{)()00 

534a 

527 
520' 
525,' 390000 ± 20000 
488a 

-460 

525, 495000 ± 74300 

450 

550" 
440" 

440bi ,,100000 
430" 

490,31000' 

500 
400 
470 

Comment 

TT = jUf-L1> 

E relative to anthracene in cyclohexane ($T = 0.71, E423 

= 64700 L IIlol-lcm-l) and using$T = 0.30 for 
lumiflavine iriethanol;' shoulder around 300 nm 
tTransient sensitive to oxygen and iodide ions; TD 
assumed, value for E is a ,lower limit, upper limit is 
double this value; pH 6;5 
tTriplet ETto acridine; TT = 90 p.s 

Ref. 

68El00 
777617 

66E087 

68Eloo 

Another transition with a maximum ,at shorter wave- 70E295 
lengths than 500 nm was also present; TT = ,320 J.LS 
Shoulder at ..... 44()& nm; pK.9.8; delay 8 ,...s; TT = 67p.s; 757078 
pH7, 

pKa 4.4; delay 8 p.8;TT = 29 p.s; pH 2 757078 

ljfetime measured at 670 nm;Erelative to anthracene in 777617 
cyclohexane(<PT= 0.71, E423 = 64700 Lmol-'cm- ') 
aildusing $T ='OA2forlumiflavine in water; shoulder 
around' 300 tlIri; TT :::::: 20 ,...s; pH 2.2 

Shoulder at -~ nm; delay 8,...s; TT = 63p.s;pH 13 " '757078 

tTripletETJrom chlorophyll a, oxygen quenching (7 69Nool 
X 108 L mol- 1 S-I), temperature independent half-life; 
aqueous micellar suspension.; half-life =Il 0 •• " 

tTripletET from anthracene; 520 nmwas the most 69E209 
interi~e peak; TT = 43,...s;ket =' 1;'. X 1OIOL 0101- 1 S-I 

tTriplet ET from naphthalene; E relative to naph- 713035 
thalene in cyclohexane (Em =24500 L mol-I em-I), 
except authors used412~5 nnlasref~rence A; 'TT = 8p.s; 
ket = 1.4 X 1010 L o1ol~1 S-'I 
tTriplet ETfrom biphenyi;E relative ,to biphenyl in 776412 
cyc10hexane (E361 = 42800 L mot-! em-I), assuming 
authors used standard for eyclohexane; TT= 5;9± 0,6 
JLs;ket = (2.0±O;20) X 10lOLmol~1 S-I' . 

Buffered; 'TT = 20lLs; pH 7.0 81A2~2 

Relative intensities (1:7) 82E129 

tOxygen and ethyl iodide quenching; E relative to 83A102 
methyl viologen radical cation in MeOH(E440= 580 L 
mol-I cm-:-I) 

Solverit was 7:3 dimethylacetamide to water 84A122 

63B003 

TT = lOOp.s 65AOOI 

J.Phys. Chem.Ref.pata,Vol.15, No. 1; 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. 

654. 

655. 

656. 

Solvent Method 

Polyvinylbutyral (293 K) LP 

Polyvinylbutyral (293 K) LP 

PrOH 
Pyridine 

Pyridine 

FP/SD 
FP 

FP 

Magnesium(II) tetraphenylporphyrin 
CTAC LP 

MCH FP/TD 

SHS/2-Pentanol LP 

Malachite Green 
PMMA (77 K) PS 

Mercury(II) tetraphenylporphyrin 
MCH FP/TD 

657. Mesoporphyrin 
Pyridine FP 

658. Mesoporphyrin, dimethyl ester 
Benzene PR/ET 

Benzene LP/TD 

Amax , Emax 

/nm /L mol- I cm- I 

470 
400 
676 
610 
470,33600 
470 
400 
500 
400 

840 
460 

485,72000 
415,27000 
840 
460 

780 

495,86000 
420,24000 

450 

Comment 

Relative intensities (5:1); polymer film; TT = 10,.,.s 

tOxygen quenching; aqueous micelles 

tOxygen quenching; TT = 1400,.,.s 

Ref. 

80E867 

82E129 

73E345 
58R002 

63B003 

83N073 

81E271 

Aqueous microemulsion, hexadecane in water; shoul- 83N073 
uta I.1l 720 IlIIl 

65BOO4 

tOxygen quenching; biexponential decay, reported 81E271 
value is shorter component; TT = lO,.,.s 

Isomer of mesoporphyrin unspecified 58R002 

tOxygen quenching (1.4 X 109 L mol- I S-I); E relative 80E2oo 
to biphenyl in benzene (E360 = 27100 L mol- I cm- I); TT 

= 220,.,.s 
tOxygen quenching (1.4 X 109 L mol- I S-I); TT = 220 80E2oo 
,.,.S 

659. 1-(jl-Methacryloxyethyl)-3,3-dimethyl-6' -nitrospiro(indoline-2,2' -[2H]benzopyran) 
Acetonitrile LP 430" 
Dioxane 
Toluene 

LP 
LP 

660. S,llh -Methanocyclodeca[cde ]naphthalene 
Hexane LP 

661. 3.Methoxyacetophenone 
Water/Acetonitrile LP 

662. 4-Methoxyacetophenone 
Cyclohexane LP/RA 

Toluene LP 

663. 3-Methoxy-7 H -benz[de ]anthracen-7-one 
Benzene LP 

664. 4-Methoxybenzophenone 
AcetonitrilelW ater LP/ET 

Water/Acetonitrile LP 

J. Phys. Chern. Ref. Data, Vol.1S, No.1, 1986 

440 
440 

490 
390 

390" 

360", 10800" 

390 

-505a 

680,3400 
520,5400 
450,4700 
335, 5600 
465a 

450a 

83B1l7 
tOxygen quenching; TT = 1.0 ,.,.s; rise time of < 10 ns 82E041 

83B1l7 

tOxygen quenching; TT = 0.20 ± 0.05 ,.,.S 84F068 

Solvent was 4:1 water to acetonitrile; 200 ns delay; TT 82A082 
3.2 ,.,.s; lh = 3U3 kJ mol- 1 

E relative to benzophenone in cyclohexane (Em = 737198 
7630 L 0101-' em-I, assuming no solvent effect from 

benzene), and taking all the triplet yields to be unity 
84EI44 

tOxygen quenching (1.3 X 109 L mol- I S-I); half-life 757427 
= 2.4 ± 0.2,.,.s 

Solvent was 9: 1 acetonitrile to water; E relative to 84B033 
l-methylnaphthalene in acetonitrile/water (E4IS = 
11200 L mol- I cm- I) 

Solvent was 4: 1 water to acetonitrile; 200 ns delay; TT 82A082 

= 7.2 ,.,.s; ET = 288 kJ mol- I 



TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 117 

TABLE 6. Spectral parameters for triplet·tripl~tabsorption of organic molecules in condensed phases-·Continued 

No. Solvent Method Am,x , Emax 

Inm IL mol-I cm-:- I 

665. 9~[2·(4-Methoxycarbonylbenzoxy)ethyl]carbazole 

2·MTHF LP 5()()R 
420 

666. 9-[3-(4-Methoxycarbonylbenzoxy)propyl]carbazole 
2·MTHF LP 490' 

667. 4-Methoxychalcone 
Heptane 

MeOH 

LP 

LP 

420 

480 ± 15 

525 ± 15 

668. (R)-4-Methoxydinaphtho[2,t~d:l' ,2' -f][1,3,2]dioxaphosphepin 4-oXide 

Comment Ref. 

Relative intensities (1:2); 'TT = 5 ,...s; rise time of 10 ns 81EOl6 

Relative intensities (1:2); 'TT = 5,...s 81E016 

"3.(4-Methoxyphenyl)-I-phenyl.2-propen·l-one"; 'TT 83E347 
= 0.023 ,...S 
'TT = 0.029 ,...S 83E347 

2-MTHF (96 K) PSIKM 42O',111()()R Compound "IV" in paper 
400", 9100" 

S3E3S3 

669. 4-Methoxydinaphtho[2,1-d:l' ,2'~[1,3,2]dioxaphosphepin 4-oxide 
MTHF(102 K) PS 418" 

400" 
Relative intensities (5:4); solvent and temperature as· SOE361 
sumed; 'TT = 106 ,...s 

; 670. 8' -Methoxy-5-methyl~6' -nitrospiro[(S,~dihydrophensnthridine-6,2).(2H)chromene] 

671. 

672~ 

673. 

Toluene FP, 640" tTripletET from fluorene; ET = 217-288 kJ mol-I 767647 

2-Methoxy-2-methyl.;.1~phenyl~ I-propsnone ' 
Cyc10hexane ·'LP 

l-Methoxynaphthalene 
3-MP(77 K) PS 

Cyc10hexane LP/ET 

EPA (77 K) FP 

EtOH (293 K) FP 
Isopentane/MCH/Et2O PS 
(77 K) 

MeOH FP 

2-Methoxynaphthalene 
3~MP (77 K) PS 

Cyc10hexane LP/ET 

Heptane FP 

Isopentane/MCH/Et20 PS 
(77 ,K) 

51~ 

475 
430 
400 

49. 
462 

,441 
417 
440, 7000 ± 500 

490 
465 
440 

.420 
395 
370 
436 
488' 
459" 
435" 
417" 
445" 

432 
408 
388 
368 
351.5 
435;15000 ± 800 

440" 

4358 

4128 

tPhosphorescence decay, oxygen quenching (1.1 X 80E642 
109 L mol-1 S-I); relative intensities (2:3:6); lifetime 
limited by reaction with solvent; 'TT = 0.12 f.£S 

441nm peak: was the most intense 74BOO4 

tTriplet ET from TMPD; f relative to TMPD in cy- 757282 
dohexane (ES70 = 11900 L mol-I cm-:- I ) 

440 nm was the most intense peak; TT ~ 2.3 X 106 #:,S ' 677485 

68E098 
Glass was 6:1:0.7 isopentane to MCR to Et20; shoul- 71B003 
der at 3978 nm; 435 nm was the most intense peak 

736218 

432nm peak was the most intense 74BOO4 

tTripletETfrom TMPD; E, relative to TMPDincy- 757282 
clohexane{Es7o = 11900 L mol-I em-I) 
LifctiIDt:lS liU!;;!;;Clit liolutioillloLfully deaCl-ated; TT = 50 77E663 

±5,...s 
Glasswas6:1:0.7 isopentanetoMCH to EhO; shou)- 71B003 
ders at 391a and 3758 nm;435ntnwas the more intense 
peak 

J. Phys. Chern. Ref. Data, Vol.15jNo~ 1;1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

674. 4-Methoxv-l-nanhthonitrile 
EPA (77 K) FP 

Amax , Em., 

Inm IL mol- 1 cm- I 

522.5 
495 
469 
450 
425 

Comment Ref. 

495 was the most intense peak; 1'T 2.2 X 106 J.Ls 677485 

675. cis ,cis -1-(3' -Methoxy-5' -nitro-2' -oxo-3' ,5' -cyclohexadienyl)-3,4-dimethyl-l,3·pentadiene 
Toluene LP/SD 520, -9000 tOxygen quenching; E'S are uncertain because of spec:" 83F081 

676. trans-3-Methoxy-4' ·nitrostilbene 
Glycerol triacetate LP 
(198 K) 

Glycerol triacetate LP 

677. cis-4-Methoxy-4' ·nitrostilbene 
Benzene LP 

Cyc10hexane LP 

DMF LP 

MeOH LP 

678. trans ·4·Methoxy-4' -nitrostilbene 
2,2-Dimethylbutane- FP 
IPentane (77 K) 
Benzene LP 

Cyc10hexane LP 
Cyclohexane LP 

Cyclohexane LP 

DMF LP 

EPA (77 K) FP 

EPA (88 K) LP 

EPA LP 

Glycerol triacetate LP 

Glycerol triacetate LP 
(198 K) 

MeOH LP 

MeOH LP 

679. 4-Methoxyphenol 
EtOH (77 K) MOD 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

330, -12000 tral overlaps with another triplet and a photoproduct 

755 
:;:;2 
420 
755 
554 
412 

600" 
420· 
545 
416 
652 
466 
680· 
440· 

650a 
600· 
601Y 
420' 
600 
580 

545 
410 

652 
466 
645 
612 
450 
610 
526 
600 
526 
-780 
624 
444 
-780 
625 
460 
-700 
600 
680· 
440· 

444" 
392" 
3378 

Relative intensities (1:2:2) 78B088 

Relative intensities (1 :2:2) 78B088 

Relative intensities (3:2); identical spectrum derived 78B088 
from trans isomer 
Relative intensities (9: 10); identical spectrum derived 78B088 
from trans isomer 
Relative intensities (2: 1); identical spectrum derived 78B088 
from tram; i~omer 

Relative intensities (2:1); identical spectrum derived 78B088 
from trans isomer 

Glass 3:8 pentane to 2,2·dimethylbutane 

Relative intensities (3:2); identical spectrum derived 
from cis isomer 
tOxygen quenching in benzene; TT 0.090 JLS 
Identical spectrum obtained from cis -isomer; oxygen 
quenching (5.3 X 109 L mol- 1 S-I); 1'T 0.077 j.Ls 
Relative intensities (9:10); identical spectrum derived 
ttom cis isomer 
Relative intensities (2:1); identical spectrum derived 
from cis isomer 
Shoulders at 540 and 490 nm; 645 nm was the most 
illlt:u:;t: peak.; TT = 1.5 X 104 fA-:; 

610 nm peak was the more intense 

600 nm peak was the more intense 

Most intense peak at 624 nm 

Most intense peak at 625 nm 

tOxygen Quenching in benzene: TT = 0.33 ILS 

747022 

78B088 

747022 
777455 

78B088 

78B088 

677485 

78B088 

78B088 

78B088 

78B088 

747022 

Relative intensities (2: 1); identical spectrum derived 78B088 
from cis isomer 

tPhosphorescence decay; TT (2.9 ± 0.2) X 106 J.Ls 707152 
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TABLE 6. Spectra) parameters for triplet-triplet-absorption of organic-molecules in condensed.phases - Continued 

No. Solvent Method - Am.,. , £m"" Comment Ref. 
Inm IL mol-'cm-' 

680. 2-[1-(4-Methoxyphenyl)-hydrazinyl.2-ylidene)-1-(4-nitrophenyl)-1,3o.diketobutane 
Hexane LP 510 tTriplet ET to p-carotene and from biphenyl, oxygen 80A05! 

quenching; half-life = 0.045 ILs; ET = 190 ± 10 kJ 

681.trans-l-(4-Methoxyphenyl).2-nitroethylene 
Benzene LP 
Benzenel Acetonitrile LP 

Cyclohexane 
EPA (77 K) 

682. 4' -Methoxypropiophenone-

LP 
PS/KM 

B.enzene LP lET 

Benzene LP 

·_683. 5-Methoxypsoralen: 
Benzene 
Benzene 

EtOH 

684. 8~l\Iletboxypsoralen 

Benzene 

Benzene 

EtOH 

EtOH 

Glycerol 

GlycerollWater 

MeOH 

Water 

Water 

Water 

685. trans-4-Methoxystllbene 

LP 
PR/ET 

LP/ET 

LP 

FP-ET 

LP/ET 

LP/ET 

FP 

FP-ET 

LP 

LP 

LP 

LP/SD 

EPA (77 K) FP 

520" 
525a 

450" 
740 
530 

390, 12000 

455' 
45()b, 10200 

461&, 11100a 
-450b, 9500 

470a 
390" 
600 
480 
370,24000 

600 
480 

630 
480 -
360 

600 
370 
>58aa 
3508. 

360 

370b~ 16500 

400 
382.5 

686. 8~Methoxy-2,2,3.trimethyl~6-nitro.2H~bromene 
Toluene LP/SD 520, -8000 

330,·...;10000 

687. 6-Methoxy-l,3,3-trimethyl.6' -nitrospiro-(2,2' ;.indolin[2H -l]benzopyran) 
Toluene (298K) FP 470 

inol-' 

'TT = 0.015p.s 78E057 
Solvent was 8:2 benzene to acetonitrile by volume; 'TT 78E057 
= 0.019 1Ls 
TT = 0.0098 ILs 78E057 

78E057 

tTriplet ET to naphthalene; £ relative to naphthalene 81A174 
in benzene (£42S = 13000 L mol-' cm-') 

&4EOt8 

"Bergapten" 78El57 
tTriplet· ET to S~carotene;·1; relative to biphenyl in 7!tH1S7 
benzene (E367 = 27100 L mol-' em-I); ket = 4.6 X 109 

L mol- I S-I 

£ relative to retinol, but actual reference (llseclwas not .83E324 
specified; T,. = 4.2 ILs 

"Xanthotoxin"; TT = l.lp.s 78E157 

tTriplet ET from acetophenone; relative intensities 79R026 
(1:2) 
tTriplet ET to retinol; E· relative to retinol in hexane 79E678 
(£405 =80000 L mol- I cmc...1)assuming £ independent 
ofsolvent;TT=lO ILs; ket = 5.3X 109 L mol":" s-, 
£ relative to retinol, but actual reference £ used was not 83E324 
specified; TT= 2~3 ILs 
tOxygenquenching; there was a long-lived species 757485 
that was attributed to a secondary product; there was 
another maximum <340 nm 
Solvent contains 57% (wt) glycerol; relative intensities 79R026 
(5:4:10) 

. 79B042 

78El57 

tOxygen quenching (3.3 X '109 L mol-' S-I); radical 79A114 
contributions subtracted and no infrared peak obo 

served; TT = 1.6 p.s 
TT = 2.4,""s 83E324 

Shoulder at 365 nm; 400 nm was the more intense peak; 677485 
TT = 2~35 X 104 p.s 

tOxygen quenehing;e's are uncertain because of spec- 83F081 
tral overlaps with another triplet and a photoproduct 

tOxygen quenching, activationless· decay; . assigned to 67BOO3 
'IT -'-+ 'IT. transition in uncolored form 

"~Phys. Chem~Ref.Data, Vol~·15, No. 1,1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em_. Comment Ref. 
Inm IL mol-I cm- I 

688. 7' -MethoxY-l,3,3-trimethyl-6' -nitrospiro-(2,2' -indolin[2H .l]benzopyran) 
Toluene (298 K) FP 445 tOxygen quenching, activationless decay; assigned to 67B003 

1T __ 1T
o transition in uncolored form 

689. Methyl Violet 
PMMA (193 K) 
PMMA (77 K) 

PS 
PS 

PMMA (77 K) P:S 

690. 2·Methylaceanthren-l-one 
EPA (77 K) FP 

691. 3·Methylacetophenone 
2-PrOH LP 
Cydohexane LP 

692. 4-Methylacetophenone 
Cyclohexane LP/RA 

693. 9-Methylacridine 
EtOH (298 K) FP/? 

694. lO-Methyl-9(10H)-acridinethione 
Acetonitrile (296 K) LP ISD 

Benzene (296 K) LP/ET&SD 

Cyclohexane (296 K) LP/ET&SD 

MeOH (296 K) LP/ET&SD 

695. 4-(Methylamino)benzoic acid 
EtOH (93 K) PS 

696. N-Methyl-l-anilinonaphthalene 
MCH (296 K) LP 

697. N -Methyl-2-anilinonaphthalene 
MCH (153 K) FP 
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630 
1290 
1200 
1100 
770 
665 
640 
620 
lIl2" 
613-

455 

339" 
332" 

331", 11400" 

521',3000" 
452",3()(){)()3 
408', 10000-
330", 1()(){)()3 

520 ± 3, 9000 ± 900 

520 ± 3, 9300 ± 900 

520 ± 3, 8800 ± 900 

520 ± 3, 8500 ± 900 

602a 

420a 

500 

59BOOI 
65B004 

Relative intensities (l:5); shoulder at 524" nm; solvent 69BOO3 

contains 2-chloroethanol 

lPhosphorescence decay; TT ::::= 5900 ,""S lS2h338 

tQuenching with oxygen, piperylene, and naphthalene 737473 
tQuenching with oxygen, piperylt:ne, and naphlhalene 737473 

E relative to benzophenone in cyclohexane (Em = 737198 
7630 L mol- I em-I, assuming no solvent effect from 
benzene), and taking all the triplet yields to be unity 

697225 

tOxygen (4.5 X 109 L mol-I S-I) and nitroxide radical 84E342 
quenching and triplet ET to anthracene; TT = 1.6 ± 
0.3/.Ls 
lOxygen (5.2 X 109 L mol- 1 S-I) and nitroxide radical 84E342 
quenching and triplet ET to anthracene; E relative to 
1,6-diphenyl-l,3,5-hexatriene in benzene (E426 = 
104000 L mol-I cm- I); TT = 2.5 ± 0.5 ,""S 

tOxygen (4.8 X 109 L mol-I S-I) and nitroxide radical 84E342 
quenching and triplet ET to anthracene; E relative to 
1,6-diphenyl-l,3,5-hexatriene in eyclohexane (E416 = 
114000 L mol-I em-I); TT = 2.6 ± 0.5 "..s 
tOxygen (4.5 X 1O~ L mol-I 5- 1

) and nitroxlde radical 1:!4E341. 
quenching and triplet ET to anthracene; E relative to 
1,6-diphenyl·l,3,5·hexatriene in MeOH (E4IO = 121000 
L mol- 1 em-I); TT = 2.3 ± 0.5 ,""S 

66BOOI 

TT = 2000 J.Ls 82E527 

lPhosphorescence decay; lifetime = 120 ,""S at 294 K 82E527 
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TABLE 6. Spectraiparameters for triplet-triplet absorption of organic molecules· in condensed phases - Continued 

No. Solvent Method Amax., Emu 

Inm /L mol-I cm- I 

698. N -Methyl~2-Bnilino-6-na:phthalenesulfonate ion 
EtOH (293 K) FP 500 

699. 2-Methylantbracene 
EtOH 

EtOHlMeOH (I13K) 

PMMA 

700. 9-Methylanthracene 
Benzene 

Benzene 

CyclohcW1C 
Dioxane 
EtOH 

. EtOH 

EtOH 

Liquid paraffm 

701. 9~Methylailthracene.J12 
EtOH 

702. . Methylbenzoate 
Cyclohexane (290 K) 

703. 2-Methylbenzoic acid 
IsopentanelMCH (77 K) 

LP 

FP/TD 

FP 

PRIET 

PRIET 

Pit 
PR 
LP 

FP/ET 

FP-ET/RA 

FP 

LP 

FP 

FP 

427" 
405· 
901", 195" 
8548

; 150" 
8148

, 100" 
799",90" 
790",60" 
775", 110" 
762&,9()a 
736~, SO" 
724",90" 
7144; 90" 

702",1008 

6938
, SO" 

6581, 7fJ1 
S69a~ 150" 

522",1200" 
481", 1600" 
4~ 1~, 73000a 
407", 22300B . 
384"; 39()08 

366",1700a 
317",2300a 
305·,2200" 

. 2638
, 68300" 

901a 

S55" 
S038 

770": 
430 

430,64200 

430,51300 

42' 
425 
425· 
405" 
440\ 2800 
426b,37400 
424,43000 
420b,24000 
694b,47 

428 

Comment Ref. 

82E527 

706157 

tPhosphorescerice decay; shoulders at 687",672",648", 72Bool 
6348

, 532·, 32S", and 272" nm 

tLifetime same as 430 nm triplet band; if E430 - 50000 66E086 
Lmol- I em-I, then E -700 Lmol-1cm- 1 for near 
infrared band; 'TT = (2.1 ± 1) X 104 ILS 

E rehltivetobenzophenone in benzene (ESJ2.s = 10300690087 
L mol~lcm-l) 
E relative to naphthalene in benzene (Emu = 17500 L 690087 
mo}-lcm-I) 

. 690087 
690087 
706157 

Tdplcl ET ftum eosiIl and proflavine; E relative to 71623:5 
eosin in EtOH(EsBO 9400L 11101-1 em-I) and pro-
flavine inEtOH(Esso =lloooL mol-1 em-I) 

c:: relcitive to ·9~mcthylanthracene in EtOH (e424 
43000 L mol-I em-I) 

1O,...s delay 

78E019 

65F031 

706157 

767556 . 

tPhosphorescence decay; solvent was 5: I isopentane. 776222 
to MCH by volume; dimeric species; shoulder at 350" 
rim; 'TT == . L16 X 106 ,...s 

J~PhV8. Chem~ Ref. Data. Vol. 15.No.1.·1A86 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

704. 3-Methylbenzoic acid 
Isopentane/MCH (77 K) FP 

705. 4-Methylbenzoic acid 
Isopentane/MCH (77 K) FP 

706. 2-Methylbenzophenone 
EtOH LP 

707. 4-Methylbenzophenone 
Acetonitrile/Water LP/ET 

708. Methyl-l,4-benzoquinone 
Water LP 

709. (2' -Methylbenzoyl)amino-2-.&.2-thiazoline 
Cyclohexane (293 K) FP IRA 

710. (4' -Methylbenzoyl)amino-2-.&.2-thiazoline 
Cyclohexane (293 K) FP /RA 

711. Methyl benzoylformate 
Benzene (298 K) LP 

712. Methylchlorophyllide a 
Acetone FP 

Benzene FP 

EtOH FP 

713. I-Methyl-4-[ 4-cyanostyryl]pyridinium 
EtOH (103 K) LP 

Am"X , Em .. 
/nm /L mol-I cm- I 

325" 
310" 

330" 
315" 

520 

525,6600 
315,11700 

460 
410 

550,7400 

550,9600 

446" 

520 
470 
5?0 
470 
520 
470 

415 

714. IO-Methyl-5-deazaisoalloxazine-3-propanesulfonate ion 
Water LP 

715. 3-Methyl-!l-deazalumtftavlne 
Water FP/TD 

716. I-Methyldeoxybenzoin 
Benzene LP 

717. Methyl 4-dimethylaminobenzoate 
EtOH (93 K) PS 
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660" 
516" 

700\ 3600 ± 200 
684", 3700" 
501",8100' 

325 

435" 
412-
391-
357-

Comment Ref. 

fPhosphorescence decay; solvent was 5:1 isopentane 776222 
to MCH by volume; dimeric species; TT = 3.95 X 106 

/-Ls 

fPhosphorescence decay; solvent was 5:1 isopentane 776222 
to MCH by volume; dimeric species; TT = 3.45 X 106 

Ils 

7'T = 0.0028 p.s 84B003 

Solvent was 9:1 acetonitrile to water; E relative to 84B033 
I-methylnaphthalene in acetonitrile/water (Em = 
11200 L mol-I cm-I) 

'TT 0.37 p.s 80BI12 

tTriplet ET to biacetyl, oxygen quenching; E relative 82E373 
to naphthalene in cyc10hexane (Em = 24500 L mol-I 
cm- I 

); TT = 450/-Ls 

tTriplet energy transfer to biacetyl, oxygen quench- 82E373 
ing; E relative to naphthalene in cyc10hexane (Em = 
24500 L mol-I em-I ); TT = 2000 /-Ls 

Shoulders at 431 a and 400" nm; TT = 1 /-Ls 84A030 

65R023 

65R023 

65R023 

Lifetime constant below 113 Kj TT = - 500 p.s 83E509 

Delay 200 nSj half-life = 7.5 /-Ls 82B043 

pH 9.2 81A434 

tOxygen quenching ( > 109 L mol-I S-I); 'TT = 0.09 p.s 79A028 

357 nm was the most intense peak 66BOOl 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

718; N-Methyldiphenylamine 
EPA (118 K) FP/COM 

719. Methylene Blue cation 
Acetonitrile 

Acetonitrile 

Acetonitrile. 

AcetonitrilelW ater 

eTAB 
EtOH 

. EtOH 

EtOH 

EtOHIWater 

MeOH 

MeOH 

Water 

Water 

water 

Water 
Water 

FP 

LP 

LP 

LP 

LP 
LP 

LP/SD 

LP/SD 

LPITD 

LP/SD 

LP/SD 

FP 

FP 

LP/SD 

'.FP/SD 
LP 

720. Methylene Blue cation, conjugatemonoaeid 
AcetonitrilelW ater LP lTD 

AcetonitrilelWater 

EtOH/Sulfuric acid 

EtOH/Water 

Hydrochloric acid 
Sulfuric· acid 
Water 

Water 

LJ>ITD 

LP/RA 

LP/TD 

FP 
FP 
LPITD 

LPITD 

Amax , Emax 
/nm !L mol-I cm~1 

540, 26000± 3000 

870" 
750" 
520" 
422" 
870 
4~U 

860" 
780· 
840" 
750' 

420 
847-
775a 

418· 
·860 

780 
420 
410",20000 
860,27000·. 
420,14000 
840,20000 
420;;9000 

.'420,11000 

410,22000 

420 
280 
800 
415 
820 
420,9000 
825,.18000 
830 
420 

470",4500" 
428-,6200" 
3728 , 14OC1()11 

710-670, >16200 
370, 15300 
7od',55000 

703, 18700 
680, 19000 
370,13200 
375 
~375 

49re,3300a 
430", 3300a . 
3728 ,7000a 

·690,14500 
370, 12500 

Comment Ref. 

tphosphorescence decay; £ based on quantitative de- 737125 
cay of triplet . to N -methyl-4a,4b-dihydrocarbazole 
whose room temperature E610 = 21000 ± 2000 L mol- 1 

em-I inMCH 

TT ='=·150 J.LS 

1· ,.,.S delay;· semioxidized cation radical (AJDalI = 520 
nm)alsoobserved; half-life = 12.5p.s 
tOxygen quenching(L7x 109 L mol-I S-I); relative 
intensities (7:4): 1 ,.,.sdelay: TT = 14 #J-S 
fOxygen quenching; relative intensities (13:6): 1 ,.,.S 
uelay; sOl veut w~ 1:1 a\,;ctouiLrile to water by volume: 

Aqueous micelles 
847 nm was the most intense·peak.; TT =·450 p.s 

77A203 

81A347 

84E216 

84E216 

83N062 
756162 

767803 

E asSumes triplet does not absorb at 658 nm where SD 78E394 
was followed;. solvent and· temperature assumed 
Solverit was "30% EtOH"; no aCid added; TT == 36,.,.s; 79B104 
pH 8.2 
fOxygenquenching; Eestimatedassuming no triplet 767574 
absocptionat 650 nm; TT = 5.9,.,.s 
tOxyg~n quenching (2.2 X 109L mol-I S-I); E assumes 79A230 
triplet does not absorb between 560 and 570 nm,where 
SD.isinonitored;aecay followed at 420 nm;less in-
tense peak at 525 nm assigned to triplet excimer; TT = 
II ±2,...s 
pKb";" 7.2; pH Neutral; half-life = 130,.,.s 64BOO3 

pKb= 7.3; delay 20 ,.,.s; TT = ..... 30 ,...s; pH Neutral 64E013 

fOxygen . quenching; extinction coefficient was a 67E107 
lower limit; half-life· = 30 ,.,.S 
pK. 7.S±0.1 67COOI 
·1 ,.,.s delay; semioxidized cation radicaJ(AIlllU =·520 81A347 
rim)aJso observed; pH. 8.2; half-life = 25 1M> 

Solvent was 1:1 acetonitrile to water by volume; TT 

4.0 ,.,.s; pH ACidic 

Solvent was 1:1 acetonitrile to water by volume; O.OlN 
HCladded; pH Acidic 
E relativeto unprotonated form (E410 == 20000 L mol ~ 1 

em-I); 500 ns delay; pH Acidic 
Solvent was "30% EtOH"; O.OIN H2S04added;pKa: = 
7.2;'TT == 4.5 #J-S; pH 2.0 

pK. = 6.7; delay 20 #J-S; pH 2 
pK.·= 6.8; pH 1 
TT = 4.5 ,.,.s; pHAcidic 

O.OIN H2S04 added; pH Acidic 

777062 

79BI04 

767803 

79BIOJ. 

64E013 
64B003 
777062 

79B104 

J~Phys. Chem.'Ref. Data,Vol~15,No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

721. Methylene Blue, dimer 
Water 

722. Methylene Green cation 
Water 

Method 

LP 

FP 

723. 4,4 I -Methylenebis(1,l' -biphenyl) 
Alcohol/Ether (77 K) MOD 

724. a-Methyl·j3-ethylstyrene 
Cyclohexane LP/RA-ET 

725. 5-Methyl-endo-cis-t1uorenacene 
MCH/Isopentane (77 K) PS 

726. '-Methylguanine 
Water 

727. I-Methylindazole 
MeOH 

728. 2-Methylindazole 
MeOH 

729. I-Methylindole 
Benzene (293 K) 

Benzene (297 K) 

Water 

730. 2-Methylindole 
Water 

731. 3·MethyIindole 
Benzene (297 K) 

LP-BT 

FP 

FP 

LP-ET/ET 

PR 

FP 

LP-ET 

PR 

732. I-MethylisoquinoIine-N-oxide 
Cyclohexane FP 
EtOH FP 

Water 

733. I-Methylnaphthalene 
I-Methylnaphthalene 

1-Methylnaphthalene 

AcetonitrilelW ater 

FP 

PRIRF 

FP-ET 

LP/ET 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

"max, Ema• 

Inm IL mol-I cm- I 

-550 

380 

325°,4000 

458" 

385 

420 

405 

460, 5000 ± 1500 

460 

460 

435 

450 

422 
41S 

395 
388 

420,6350 

4228 

3978 

415,11200 

Comment Ref. 

tOxygen quenching; half-life = - 2 ,..,S 67E107 

SD region between 540 and 720 nm was not measured; 707364 
pH9 

Glass was 2:1 alcohol to ether 76E682 

E relative to naphthalene in cyclohexane (Em = 24000 82E181 
L mol- I cm- I), but in ref. cited (E4IS = 24500 L mol- I 

cm- I); triplet ET from thioxanthone; TT = -0.038,..,s 

Glass was 4: 1 MCH to isopentane; shoulder at 430 nm 74B006 

tTriplet BT from Iloetone; pH 7.1; k., - 7.5 X 109 L 8lB045 
mol-I 8- 1 

tOxygen quenching, piperylene quenching, and ESR; 757167 
TT = 53,..,5 

tOxygen quenching, piperylene quenching, and ESR; 757167 
TT = 26 JLs 

jTripJet ET from xanthone, from acetophenone and to 771021 
naphthalene, oxygen quenching; E relative to naph-
thalene in benzene (E42S = 13200 L mol- I em-I); TT = 
2,..,s 
tTriplet ET to naphthalene and anthracene, oxygen 771021 
quenching; TT = 1.8 ILs 
tOxygen quenching; TT = 29 ,....s; pH basic 83A213 

tTriplet ET from acetone; pH 7.1 82B045 

tTriplet ET to naphthalene and anthracene, oxygen 771021 
quenching 

TT = 5.9 JLs 727105 
tOxygen quenching and triplt"t ET to anthr$lcl"'I'IP: 'f'T 727105 
= 7.7 J.Ls 
TT = 7.7 ILs 727105 

Liquid; E relative to I-methyJnaphthaJene in cy- 720243 
clohexane (E420 = 14200 L mol- I em-I) 
tTriplet ET from benzophenone; 30 JLS delay; evi- 767159 
dence for triplet excimer at long wavelengths 
presented; relative intensities (3:2); 30 JLS delay; TT = 
25 JLs 
Solvent was 9:1 acetonitrile to water; E relative to 84B033 
benzophenone in acetonitrile (ES20 = 6500 L mo)-I 
cm- I) 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

Benzene 

Cyclohexane (77 K) 

Cyclohexane 

Cyclohexane 

EtOH/MeOH (113 K) 

EtOH/MeOIl (113 K) 

Hexane 

Isooctane 

Liquid paraffin 

PMMA (294 K) 

734. 2-Methylnaphthalene 
Cyclohexane 

EtOH/McOH 
(113 K) 

EtOH/MeOH (113 K) 

PMMA (294 K) 

Method 

LP-ET 

PS 

PR/ET 

LP/ET 

FP/TD 

PI'ITD 

FP-ET 

FP 

FP 

FP 

LP/ET 

FI'ITD 

FP/TD 

FP 

Am8x , €mu 

Inm IL mol-I em-I 

425 

415.5 
393 
370 
420, 14200 

420, 22400 ± 3000 

581\ looa 
5623,70' 
:'538·,1:'50· 

503·, 125" 
485",230' 
457.,4808 

6288
, loa 

5788
, 1003 

535·, 160" 
500a, 120a 
4848,240. 
4578,48oa 
4198,21900' 
3968

, 113W 
3758,2500. 
3568,73oa 
239", 492W 
4188 

395-
3838 

4258 

397· 

375' 
422 
399 
380 
6258 

420,25100 ± 3000 

575·, 100" 
5293

, 170a 
490a, 200" 
461 8

, 280· 
631·,2oa 
5788

, 100" 
5328

, 160· 
492-, 200" 
462".29oa 
415', 254W 
393·, 12800' 
381', 18W 
372.,34008 

360", 600" 
3538,7W 
3448,350' 
238", 25500· 

735. t.Methylnaphthalene/Pyromellitic dianhydride 
Et20/Isopentane (77 K) FP 6ClO"' 

420" 

Comment Ref. 

iTriplet ET from benzophenone; k.l 9.4 X 108 L 84E092 
mol-I 8- 1 

Relative intensities (10:6:1) 69E211 

€ relative to benzophenone ketyl radical in ey- 720243 
clohexane (€542.5 = 3220 L mol-I em-I), assuming € is 
the same as €m.5 for ketyl radical in water 
iTriplet ET from TMPDj E relative to TMPD in cy- 757282 
clohexane (ES70 11900 L mol- 1 cm-1

) 

Glass was 3:1 EtOH to MeOH; shoulders at 629" and 717460 
4698 nm 

*I'hosphorcsccncc decay; shoulders at 561 a, 4698 , 408·, 72BOOI 

3678
, 3498

, 2858
, and 2368 nm 

iTriplet ET from benzophenone; 30 IJ-s delay; relative 767159 
intensities (3:2:1) 

Shoulder at 360 nm 78B089 

Solvent viscosity was 0.03 N,s/m2; relative intensities 58EOOI 
(100:60:31) 

Shoulder at 5688 nm; TT = (1.10 ± 0.05) X 106 /los 69BOO4 

iTriplet ET from TMPD; E relative to TMPD in cy- 757282 
clohexane (ES70 = 11900 L mol - I cm -I) 

alill!;~ WA~ :1;1 13tOI-I to MI;OIl; :shvulul;l- at 633" lUll 717460 

tPhosphorescence decay; shoulders at 4023,263\ 2343
, 72BOOl 

and 231 3 nm 

Shoulder at 5753 nm; TT (1.30 ± 0.05) X 106 IJ-S 69BOO4 

tPhosphorescence decay; glass was 1:1 Et20 to iso- 747587 
pentane; shoulder at 645· nm; TT = 9.8 X 104 IJ-S 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax 

/nm /L mol- I cm- I 

736. Methyl 2-naphthoate 
Cyclohexane (290 K) FP 412a 

40P 

737. 2-Methyl-l, ... ·naphthoquinom: 

Water LP/ELT 400b,6600 

738. l-Methyl-l-(1-napbthyl)ethylene 
Benzene LP-ET 439" 

739. l-Methyl-l-(2-naphthyl)etbylene 
Benzene LP-ET 599" 

415" 
388" 

740. Methyl-l-naphthylphenylgermane 
Cyclohexane LP 430" 

410" 

741. S-Methyl-6 I -nitrospiro[ (S,6-dihydropbenanthridine-6,2)-(2H)chromene] 
Toluene FP 670· 

470" 

742. I-Methyl-4-[ 4-nitrostyryl]pyridinium 
EtOH (298 K) LP 450 

EtOH (103 K) LP 450 

743. S-Methylphenazinium methyl sulfate 
Water FP 525 

744. N .Methylphenothiazine 
Hexane LP/ET 465, 23000 ± 300 

SDS LP/RA 465,23000 

Water/EtOH LP 465 

745. N ·Methylphthalimide 
EtOH FP 590 

350 

746. 4-(2-Methylpropionyloxy)benzophenone 
Benzene LP 530 

747. Methyl pyropheophorbide a 
Toluene LP -460 

748. all-trans-Methyl retinoate 
Benzene PR/ET 435, 89000 

749. 2-Methylthioxanthen-9-one 
1,2-Dichloroethane FP 650-670 
Acetonitrile FP 630 

Benzene FP 655" 

Cyclohexane FP 650-670 
EtOH FP 605 
MeOH FP 605 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Comment Ref. 

35 /Ls delay; TT = 66 /Ls 767556 

tOxygen quenching and triplet ET to l3-carotene; E 83E311 
relative to 2-methylnaphthosemiquinone ion in water 
(E390 = 11000 L mol- I cm- I); pH 7.0 

tTriplet ET from xanthone and oxygen quenching; TT 84B007 
= 0.55 J.LS 

lTriplet ET from xanthone and oxygen quenching (5 84B090 
X 109 L mol- I S-I); 415 nm peak was the most intense; 

TT = 0.13 /Ls 

430 nm peak was the more intense; delay 0.8 /Ls 83Ai18 

lTriplet ET from fluorene; TT = 300 /Ls; ET = 217-288 767647 
kJ mol- I 

lOxygen quenching and triplet ET from acetone and 83E509 
biacetyl; TT = 0.055 /Ls 
Lifetime constant below 108 K; TT = 3000 /Ls 83E509 

tOxygen quenching; TT = 50 ± 5 /Ls; pH 3 80A196 

E relative to naphthalene in cyclohexane (E413 = 24500 79N005 
L mol- I em-I) assuming unit transfer efficiency and 
assuming E independent of solvent 
Aqueous micelle; € relative to N -methylphenothiazine 79NOO5 

in hexane (E46S = 23000 L mol-I em-I) 
Solvent was 2: 1 water to EtOH 82A297 

tOxygen quenching, diene quenching; maxima as- 79A147 
sumed from text; TT = 43 /Ls 

tTriplet ET to naphthalene 84POO5 

82B094 

E relative to biphenyl in benzene (E367.S = 27100 L 80E137 
mol- I cm- I); TT = 17 /Ls; ket = 8.4 X 109 L mol-I S-I 

TT = 20/Ls 81A294 
tOxygen quenching (5.5 X 109 L mol-I S-I); TT = 40 81A294 

JLS 
tOxygen quenching (5.5 X 109 L mol-I S-I); TT = 95 81A294 

/Ls 
TT = 10,.,.s 81A294 

TT = 60 /Ls 81A294 

TT = 68/Ls 81A294 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Emax Comment Ref. 
/nm /L mol- I cm- I 

750. (E,E ,E)-S-Methyl-7-(2,6,6-trimethyl-l-cyclohexen-t-yl)-2,4,6-heptatrienal 
Acetonitrile LP/SD 
Acetonitrile LP/RF 

Benzene PR/ET 

Benzene PR/RF 

Cyclohexane PR/ET 

MeOH LP/SD 
MeOH LP/RF 

440,51000 
440,61000 

430,63000 

430,71000 

410,63000 

440, 51000 
440,57000 

"all-trans-C I7 aldehyde"; E is upper limit; TT = 10.6 J..Ls 
E relative to compound in cyclohexane (E4lO = 63000 L 
mol- I em -I) assuming oscillator strength independent 
of solvent; TT = 10.6 J..Ls 
E relative to biphenyl in benzene (E367.S = 27100 L 
mol- ' em-I); TT = 9.1 J..Ls 
E relative to compound in cyc10hexane (E41O = 63000 L 
mol- ' em-I) assuming oscillator strength independent 
of solvent; TT = 9.1 J..Ls 
E relative to biphenyl in cyc10hexane (E361.3 = 42800 L 
mo)-I em-I); TT = 6_21LS 

E is upper limit; Tr 10.9 J..Ls 

E relative to compound in eyclohexane (E4IO = 63000 L 
mO)-1 em-I) assuming oscillator strength independent 
of solvent; TT 10.9 IJ,S 

79E546 
79E546 

79E546 

79E546 

79E546 

79E546 
79E546 

751. (E,E ,E).6-Methyl-8-(2,6,6-trimethyl-t-cyclohexen-t-yl)-3,5, 7-octatrien-2-one 
Hexane LP ISD 405-410, 52000 E assumed to be at Amax; "all-trans-Cls ketone" 84E036 

752. (E,E ,Z)-6-Methyl-8-(2,6,6-trimethyl-t-cyclohexen-t-yl)-3,S, 7 -octatrien-2-one 
Hexane LP/SD 405-410, 66000 E assumed to be at Amax; "7-cis-CI8 ketone" 84E036 
Hexane PR/ET 405-410,37000 E relative to biphenyl in cyc10hexane (EJ61 = 42800 L 84E036 

mol- I em-I), assuming authors used standard for cy
c1ohexane; E assumed to be at Amax 

753. (E ,Z ,E)-6-Methyl-8-(2,6,6-trimethyl-t-cyclohexen-t-yl)-3,S, 7 -octatrien-2-one 
Hexane LP/SD 405-410, 54000 E assumed to be at Amax; "9-cis-CI8 ketone" 84E036 
Hexane PR/ET 405-410,23000 E relative to biphenyl in cyclohexane (EJ61 = 42800 L 84E036 

mol- ' em-I), assuming authors used standard for cy
clohexane; E assumed to be at Amax 

754. (E,z ,Z)-6-Methyl-8-(2,6,6-trimethyl-t-cyclohexen-l-yl)-3,5,7-octatrien-2-one 
Hexane LP/SD 405-410, 23000 E assumed to be at Amax; "7,9-dicis-C I8 ketone" 84E036 
Hexane PR/ET 405-410,42000 E relative to biphenyl in eyclohexane (E361 = 42800 L 84E036 

mol- ' em-I), assuming authors used standard for ey
clohexane; E assumed to be at Amax 

755. (E ,E)-3-Methyl-5-(2,6,6-trimethyl-t-cyclohexen-t-yl)-2,4-pentadienal 
Hexane LP /SD 385, 38500 ± 5800 

Hexane 

Hexane 
MeOH 

PR/ET 

LP/SD 
LP/RF 

380-390, 20000 

380-390, 41000 
400,34000 

756. (E ,Z)-3-Methyl-5-(2,6,6-trimethyl-l-cyclohexen-t-yl)-2,4-pentadienal 
Hexane LP/SD 380-390, 17000 
Hexane PR/ET 380-390, 14000 

757. (Z ,E)-3.Methyl-5-(2,6,6·trimethyl-l-cyclohexen·l-yJ)-2,4-pentadienal 
Hexane PR/ET 380-390,28000 

Hexane LP/SD 380-390, 14000 

E assumes triplet does not absorb where singlet de- 78Enl 
pietion is followed; "all-trufls-C" aldehyde"; TT= 0.1 
Jots; ET = 188 ± 12 kJ mol-I 
E relative to biphenyl in eyc10hexane (EJ61 = 42800 L 84E036 
mol-I em-I), assuming authors used standard for ey
clohexanej E assumed to be at f...max 

E assumed to be at Amax 84E036 
E relative toeompound in hexane (Em = 38500 L 79E546 
mol-I em-I) assuming oscillator strength independent 
of solvent; TT = 0.19 J.Ls 

E assumed to be at Amax; "7-cis-C ls aldehyde" 84E036 
E relative to biphenyl in eyclohexane (E361 = 42800 L 84E036 
mol- ' em-I), assuming authors used standard for ey
clohexane; E assumed to be at Amax 

E relative to biphenyl in cyclohexane (E361 = 42800 L 84E036 
mol- ' em-I), assuming authors used standard for ey
c1ohexane; E assumed to be at Amax 

E assumed to be at Amax; "9-cis-C ls aldehyde" 84E036 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em .. Comment Ref. 
Inm IL mol-I cm- I 

758. (Z ,Z)·3-Methyl-5-(2,6,6·trimethyl-l-cyclohexen-l-yl)-2,4-pentadienal 
Hexane PR/ET 380-390, 21000 E relative to biphenyl in cyclohexane (E361 == 42800 L 84E036 

mol-I cm-I), assuming authors used standard for cy

Hexane LI'/SD 

759. 3-Methyl-3,4,S-triphenyl-2(3H)-furanone 
Benzene LP lET 

760. I-Methyl-L-tryptophan 
EtOH FP 
Water FP 

761. Methyl vinyl ketone 
Cyclohexane LP 

762. I-Methyl.2-vinylnaphthalene 
Benzene LP-ET 

763. 2-Methyl.3·vinylnaphthalene 
Benzene LP-ET 

764. t·Naphthaldehyde 
Benzene FP 
Cyc10hexane (77 K) PS 

Cyc10hexane LP 

EhO/Pentane (77 K) PS 

MeOH LP 

Toluene/MCH (50 K) LP 

Waterltert-BuOH FP 

765. 2·Naphthaldehyde 
Cyclohexane LP 

MeOH LP 
Toluene/MCH (69 K) LP 

766. 2·Naphthalenamine 
Liquid paraffin FP 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

clohexane; E assumed to be at Amax 
380-390, 17000 c A~~umcd to be At "'max; "7,9-Jicis-CI~ Aldehyde" 84E036 

370 ± 5, 11000 ± 2200 fOxygen quenching; E relative to benzophenone in 84E520 
benzene (Em = 7600 L mol-1 cm-I); TT = 12 ± 2/Lsj 

460 

460 

2608 

4168 

401" 

495 
412.5 
405 
387 
494 
475 
450 
440 
425 
412 
405 
387 
4788 

4568 

4108 

4798 

520" 

434 
408 
4428 

4468 

457 
317 

ket = 2.9 X 109 L mol-I S-l 

lTriplct ET from acetuphenom: 
fAir quenching; TT = < 5 fLs; pH 5.4 

727041 
727041 

fOxygen quenching; solvent uncertain; TT = 0.008 /Ls 80B055 

tTriplet ET from xanthone and oxygen quenching (7.5 84B090 
x 10° L molls -I); 401 nm peak was tht: murt: intt:nst:j 

TT = 0.06/Ls 

fTriplet ET from xanthone and oxygen quenching (4.9 84B090 
X 109 L mol-I S-I); 412 nm peak was the most intense; 

TT = 0.255 /Ls 

TT = 140 /Ls 63EOO7 
69E211 

Shoulders at 427 and 405 nm; delay 660 pSi rise time of 84B028 
0.026 ± 0.003 ns 

69E211 

Shoulders at 4978,4378
, and 4258 om; delay 660 pSi 478 84B028 

nm was the most intense peak; rise time of 0.020 ± 
0.002 ns 
Glass was 1:1 toluene to MCH; delay 42 ps; spectrum 84B028 
showed evidence of structure between 410 and 460 nm 
Solvent mixture contains "1·5%" tert-BuOH for solu- 767189 
bility; shoulders at 540 and 470 nm; pH -6 

Delay 600 pSi rise time of 0.055 ± 0.005 ns 84B028 

Delay 600 pSi rise time of 0.025 ± 0.003 ns 84B028 
Glass was 1:1 toluene to MCH; delay 42 PSi shoulders 84B028 
at 431 8 and 4058 om 

6lEOO8 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama. , Em,. Comment Ref. 
Inm IL mol- I cm- I 

767. 2-Naphthalenamine, conjugate acid 
MeOH/Water (290 K) LP/ET 410, 7800 tOxygen quenching; E relative to benzophenone ketyl 83A249 

391',4300" radical in water (ES4S = 3220 L mol- I cm- I); solvent 
377",2150" was 19:1 MeOH to water; 'T, = 1.8 JiS; pH 1.8 

Water FP 414 "2-Naphthylamine cation"; pK, = 3.3; pH Acidic 61E008 
387 

768. Naphthalene 
1,2-Dichloroethane FP 414 TT = 125 JA-s 80E720 
2-PrOH FP 414' Relative intensities (5:3: 1); 30 JA-S delay; 'TT = 58 JA-s 737158 

388" 
372' 

3-MP PR 41lQ GE values were 9870 and 27300 L mol- 1 em· 1( (100 680~~3 

388- e V absorbed) 
3-MP (77 K) PR 413" GE. values were 17300 and 17900 L mol-I em-II (100 680553 

390" eV absorbed) 
3-MP (77 K) PS/ESR 415,31900 tESR; oscillator strength = 0.12 69B002 
3-MP (77 K) PS 412.4 All 8 bands were assigned to the electronic transition 70B005 

399.3 3B3g 0(- 3Bit 
390.0 
377.7 
369.8 
358.2 
351.5 
341.2 

3-MP (77 K) MOD 415 73£342 
400 
391.5 
380 
371 
360 

3-MP (85 K) LP 415' 415 nm peak was the most intense 747056 
400' 
391" 
379' 
372" 

3-MP (293 K) LP 412 412 nm peak was the most intense; 'TT = 6 ,""S 747056 
390 
370 

Acetonitrile FP 410" Relative intensities (5:3:1); 30 JA-s delay; 'TT = 38 JA-s 737158 
385" 
375-

Benzene FP 415 Relative intensities (100:60:15) 6IE005 
392 
372 

Benzene PR 420 GE420 = 15100 L mol-I em-I / (100 eV absorbed); 64B006 
half-life = 1.59 JA-s 

Benzene PR/ET 415, 17500 E relative to benzophenone in benzene (Em.s = 10300 690087 
L mol-I em-I); Ama. unspecified, assumed 415 nm 

Benzene PR/ET 425, 13200 E relative to benzophenone ketyl radical in cy- 71E36O 
402",7300- clohexane (Ema. = 3700 L mol-I em-I); E obtained 
382-,4200· from a simultaneous least squares fit . of data from 

several compounds making use of cyclohexane to ben-
zene Emu ratios of 1.83 for naphthalene and 1.45 for 
anthracene 

Benzene PR 420 720206 
400 

Benzene LP/ET 425, 11300 tTriplet ET from benzophenone; E relative to benzo- 80B090 
phenone in benzene (C::~33 = 7200 L mol- I em-I); ket = 
0.74 X 109 L mol- 1 S-l 

Benzophenone(77 K) PS-ET 425- Relative intensities (100:58"); sample was a single crys- 64BOO5 
403- tal 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 



130 I. CARMICHAEL AND G. L. HUG 

TA IlLE b. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

Benzophenone (77 K) 

Butane/lsopentane 
(77 K) 

Cyclohexane 
Cyclohexane (77 K) 

Cyc10hexane 

Cyclohexane 

Cyclohexane (77 K) 

Cyc10hexane 

Cyc10hexane 
Cyc10hexane (77 K) 

Cyc10hexane (77 K) 

Cyc10hexane 

Cyclohexane 

Cyc10hexane 

Cyclohexane 
Dipropyl ether (118 K) 

Method 

PS/COM 

PS/IV 

FP 
PS 

PR 

PR 

PS 

PR/ET 

LP 
PS 

PS 

PR/ET 

PR 

LP 

FP/SD 
FP 
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Ama. , Emo. 

Inm IL mol-I cm- 1 

427",3500· 
4130

, 1400o,e 
403", 1800'" 
400", 18000,. 

414, 14000 ± 3000 
3938

, -7800 

414 
415" 
412" 
410'" 
415 
390 
415 
391 
375 
417.5 
415 
4105 

393.5 
391 
386 
370 
366 
361 
347.5 
412.5, 22600 ± 5650 

414 
415.0 
411.5 
409.0 
393.0 
389.5 
387.5 

373.0 
412.0 
409.0 
406.8 
390.0 
386.5 
385.5 
370.0 
415,24500 
393", 12000" 
373",4600" 

412.5 
390 
370 
414 
391 
370 
414, 24000 ± 3000 
4178 

4058 

3948 

Comment Ref. 

Mixed crystals; shoulder at 4188
; E was measured using 68E106 

a technique involving reabsorption of phos
phorescence 

Glass was 3:7 butane to isopentane; ET was computed 65E031 
from OD = ETTpio(1- cJ>r) after the optical density, OD, 
was extrapolated to zero intensity of the monitoring 
beam (namely io ~ 0), here T was lifetime of triplet, and 
<1>( was fluorescence quantum yield; oscillator strength 
= 0.05 
TT = 175 J.Ls 62E009 
Other shoulders were present in the spectrum; the 63BOO4 
shoulders appeared in different places depending on 
whether the samples were frozen rapidly or slowly 
GEm = 10200 L mol-I cm- I I (100 eV absorbed); 64BOO6 
half-life = 5.85 J.Ls 
Relative intensities (100:55:22) 676011 

67BOO7 

E relative to benzophenone ketyl radical in water (Em.s 680727 
= 3220 L mol-I em-I), assuming this value for E542.5 in 
cyclohexane 

68E107 
Shoulder at 422 nm; peak positions depend on cooling 69E211 
rate 

Shoulder at 418.5 nm; peak positions depend on cool- 69E211 
ing rate 

E relative to benzophenone ketyl radical in cy- 71E360 
clohexane (Em .. = 3700 L mol-1 em-I); reference E 

obtained by starting from Em.. = 3220 L mol-I cm- I 

for this ketyl radical in water and assuming the!ofthe 
ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds 

TT = 10 J.LS 

720206 

747056 

756293 
696073 
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TABLE 6. Spectral parameters f~r triplet-triplet absorption of organic molecules in condensed phases-Continued 

Solvent Method 

Durene (77 K) PS 

Durene (4.2K) PS 

Durene (1.5 K) PS 

EPA (77 K) PS/TV 

EPA (77 K) PS/SD 

EPA (77 K) FP 

EPA (77 K) PSIKM 

EPA (17K) PS/IV 

EPA (77K) PSIKM 
. EPA (77 K) ,FP/SD, 

EtOH (77 K) PS 

EtOH (293 K) FP 
EtOH . FP/ET 

EtOH (77 K)' MOP 

EtOHlMeOH (113 K) FP/TD 

EtOH/MeOH (113 K) FP/TD 

"max, Ema:x 
Inm IL mol-I em-I 

419 

395 

417.4 
394.4 
383 
374 
417.4 
403 
394 
382 
373 
417,48()d ;+- 50 

392.8, 215d ± 40 
416.7, 10000 
392,7,4300 
371,1000 
416 
393 
373 
53oa,900a 
499a,8W 

,42oa, 2()6()()& 

396-, 11200" 
417,23600 

417,23300 
414.0,40000 ± 6000 
3938

; 17()()(Y' 
3748 , 400()8 

414 
390 
371 
414 
415, 40000± 2000 
3918 

411 
388a 

36ga 

575-, 1404 
55')8, 75a 

,529&,.250-
515a, 150a 

490-,33oa 
476a,15oa 
36oa; 459a 

629.0, loa 
5748

, 120a 
526a, 250 
488.6,320" 
4568,350& 
414.0, 33(X)() 
400.2, 3200a 
39{)11, 167W 
F6a,2100s 
3694,3500s 
3S9~, lOOOS 
35ta,1()()()ll 
3418

, 700a 
3358.7W 
323-,73oa 
236.0, 55000 

Comment Ref. 

Polarization of the bands was found to bealung the 64EOI4 
long molecular axis; transition was assigned as 3B2g +-

lB1u; sample was a mixed crystal 
Single crystal; relative intensities (100:46:2:10) 67B008 

Mixed crystal; maxima were taken from a fit to the 75B003 
spectrum 

tPhn"phorescence decay; e's are too low; lst transition 51EOOI 
assigned as 3La -+ lCb 
E'S are lower limits 54BOOl 

416 nm was the most intense peak; TT = 2.6 X 106 p.s 677485 

__ ,lvent, temperature and extinction methoa ~umed 69E213 
from earlier work; pplarization also measured 

"mill assumed from previous work; E estimated by ex- 69E212 
trapolation to infinite excitation rate 
"mill assumed from previous work; TT = 2.3 X 106,.,.s 69E212 
TT = 2.3 X 106 J.LS; oscillator; strength = ().14 69F389 

67B007 

68E098 
Erelative,to anthracene in EtQH(E420 = 75000 L 747049 
mol-:-1cm-'); TT =1800 ± 700J.LS; kct == (1.26 ± 0.1) 
X totOL mol- t S-I . 

Relative intensities (6:3: 1); half width of principal max- 777538 
imum 480cm-' 

Glass was 3:1 EtOH to MeOH; shoulders at 625',588&, 717460 
541', 500a, and 467' nm 

tPhosphorescence decay; shoulders at 589',5568,536-, 72B001 
511-,4984

, 467', and 266a nm; 6 electronic transitions 
were assigned with O-O's at 629,488.6,414,400.2, 275, 
aud 236 11111; oscillato.r :sln::llgth = 0.002,0.002, 0.12, 
-0.01, Oj3, 0.5 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax, Em •• Comment Ref. 
Inm IL mol- l cm- l 

Ethylene glycol FP 415 Relative intensities (100:55: 10); TT = 1000 ± 100 J,Ls 61E005 
392 
378 

Hexamethylbenzene PS 418 Single crystal; relative intensities (2:1) 67B008 
(77 K) 395 
Hexane FP 413.1 54E001 

390.0 
Hexane FP 410 Relative intensities (107:55:15); TT = 91 ± 8 IJ-s 61E005 

389 
369 

Hexane (77 K) PS 416 67B007 
391 

Isopentane/MCH (77 K) PS 413.5 Relative intensities (100:41:9) 54BOOI 
389.5 
368 

Isopentane/MCH/Et20 PS 414.5 tPhosphorescence decay; glass was 6: 1 :0.7 isopentane 71B003 
(77 K) 392.0 to MCR to Et20; 414.5 nm was the most intense peak 

372.'5 

Liquid paraffin FP/SD 415, 10000 Solvent had viscosity of 0.03 N.s/m2; all bands were 58EOOI 
391.5,6800 assigned to same electronic transition; oscillator 
372, 2700 strength 0.06 

Liquid paraffin I"P 415 Viscosity ofsolvcnt was 0.167 N·:s/m2; TT - 2850 1U 62EOO9 

MCH (77 K) MOD 4143 Relative intensities (6:3: 1) 777538 
390" 
370" 

MCH (77 K) MOD/KM 405b, 1600 82E648 
366b,74O 

MCH/Isopentane (90 K) MOD 417" Glass was 4: 1 MCH to isopentane 72BOO3 
400· 
391 8 

382" 
372" 
360" 
351" 

Naphthalene (373 K) PR/RF 420, 7100" Liquid; E was found by assuming that the oscillator 720243 
strength remained 0.12 in all solvents; TT = 1.2 IJ-s 

Naphthalene-ds (4.2 K) MOD 415 Mixed crystals; the bands were embedded in a broad 73E342 

402.5 absorption band that was explained as due to mixing of 
392.5 guest triplet states with host conduction band or host 
380 charge-transfer states 
372.5 
360 

Naphthalene-ds (1.'5 K) PS 414.8 Mixed crystal; maxima were taken from a fit to the:: 7SBOO3 

392 spectrum 
370 

Naphthalene (78 K) PR 600 Triplet exiton; most intense peak at 416 nm 761030 
S6S 

535 
416 
392 

Naphthalene PR 415" Microcrystals; spectrum obtained by diffuse reflee- 84Rt20 

390" tance spectroscopy; 415 nm peak was the more intense; 
half-life = 20 IJ-s 

PMMA (293 K) PS 415.5 Relative intensities (100:45) 67B008 

393.5 
PMMA (294 K) FP/RF 571, -220 tPhosphorescence decay; E relative to naphthalene in 69BOO4 

526, -310 cydohexane (E412.5 = 22600 L mol-I em-I), assuming 
4158 E4\7 = 22000 L mol-I cm- l in PMMA; TT = (1.5 ± 
39ta 0.05) X 106 ,...s; oscillator strength = -0.002 
373" 

PMMA PR 415 Relative intensity (10:6) 692001 

385 
PMMA (86 K) PR 415 710278 

390 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method A.max , Em .. Comment Ref. 
Inm IL mo]-l em-I 

Pentane (77 K) PS 413.6 Relative intensities (10: I :6: I) 69E211 

401.6 
390.6 
370.1 

Polystyrene PR 428 Relative intensities (100:53:33) 672086 
400 
380 

Polystyrene (77 K) PR 425 692001 
Polystyrene PR 424" GE424 = 12000" L mol-I cm- I 1(100 eV absorbed) 701073 
Toluene (77 K) MOD 422 Relative intensities (2:1); halfwidth of principal max- 777538 

402" imum 1180 em-I 

769. Naphthalene-ds 
I-BuOH/lsopentane PS 413.2 A distinction between a 1:7 and a 3:7 glass was not 63Bool 
(77 K) 389.7 made; the 3 bands were assigned to a single electronic 

371.0 transition 3Bfg lBi\, 
3-MP (77 K) PS/ESR 417,31900 lESR; band was assigned as 3B3g +- 3B2u; oscillator 68D211 

403",5200· strength 0.12 

391\ 14000' 
3-MP (77 K) PS 575.0 Bands starting at 412.2 nm were assigned to the 3B3~ 70B005 

547.0 _3Bi;, transition; other bands may be a mixture of elec-
531.2 tronic transitions, but one of these was assigned as 3 Aig 
509" -- 3Bt;.; the bands at < 412 nm are about 20 times 
491.6 stronger than the bands >412 nm 
473a 

4'it;O 

412.2 
400.5 
390.0 
379.3 
369.3 
359.4 
351.3 
342.2 

? (77 K) PS 419" tPhosphorescence decay and ESR lifetime; glass used 67E108 
406" was either 2-MTHF or 3-MP; TT 2.30 X 107 ,."s 
3933 

Butane/lsopentane PS/IV 414, 14000 ± 3000 Glass was 3:7 butane to isopentane; ET was computed 65E03J 
(77 K) .3!l'.3~, -//'sOU tromUlJ ETTpio(l - CPr) after the optical density, 00, 

was extrapolated to zero intensity of the monitoring 
beam (namely in - 0), here T was lifetime of triplet, and 
CPf was fluorescence quantum yield; oscillator strength 
= 0.05 

Cyclohexane (77 K) PS 413.5 Shoulders at 418.2 nm and 397.4 nm; relative intensities 69E211 
409.4 (100:80:60:20:60:50:20: 15 :20: 15) 
407.2 
402.0 
389.8 
386.0 
383.2 
379.5 
369.2 
367.2 

DipropyJ ether (100 K) FP 415a Shoulders at 405a and 373a nm; 'iT 1.9 X 107 j.Ls 696073 
394a 

Dipropyl ether (110 K) PS 417" Relative intensities (2:1); polarization also measured 70B002 
395a 

Durene (77 K) PS 417" Single crystal; the points were taken from the spectum 67BOO8 
395" of the b-a}ds polarized absorption 
372" 

Durene (4.2 K) PS 415.9 Single crystal; relative intensities (100:47:2:14:2) 67B008 
392.9 
382 
.371 
354 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

EPA (82 K) 
EPA (77 K) 

EPA (77 K) 
EPA (77 K) 
EtOH/EhO (77 K) 

EtOH/MeOH (113 K) 

EtOH/MeOH (101 K) 

Hexamethylbenzene 
(77 K) 
PMMA (293 K) 

770. Naphthalene/Chloranil 
Liquid paraffin 

Method 

PS/KM 
PS/IV 

PS 
FP/SD 
MOD/KM 

FP/TD 

PS 

PS 

PS 

MOD 

771. Naphthalene/Pyromellitic dianhydride 
l,2-Dichloroethane LP 
(293 K) 

Dipropyl ether (100 K) FP 

772. NaphthaleneiTetrachlorophthalic anhydride 

Amax , (ma. 

Inrn IL mol- 1 cm- 1 

413, 23300 ± 650 
417,21UUU 

417 
414.0, 40000 ± 6000 
417, 10000 ± 3000 

575a, lIOS 
549", 70s 
52ga,22oa 
508a, 130" 
493",24oa 
472", 140" 
457·,280· 
448", 170· 
439", 320" 
4138 

400a 

395· 
380a 
370a 
415.3 
393.2 
414.5 
392.1 
372 

405 

420 

Dipropyl ether (98 K) FP 4248 

773. Naphthalene-dsiTetrachlorophthalic anhydride 
EPA (77 K) PS 414.8 

390.5 

774. I-Naphtbalenecarbotbioic acid, O-ethyl ester 
Benzene FP 490 

775. 2-Naphtbalenesulfonate ion 
Water FP 

776. l-Naphtbalenesulfonic acid 
Liquid paraffin FP 

777. anti .[2.2](1,4).Naphtbalenophane 
2-MTHF (77 K) LP 

778. syn -[2.2](1,4)-Naphtbalenophane 
2-MTHF (77 K) LP 
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413 
390 

421 
40S 
373.5 

447.5 

612.5 
465 

Comment 

Amax assumed from previous work; E estimated t>y ex
trapolation to infinite excitation rate; 'TT = 19 X 106 /.Ls 
Transition assigned as lBig ~ lBit 
TT = 1.35 X 10' /.Ls 
Glass was 2: 1 EtOH to EhO; temperature was not 
explicitly stated, but 77 K was inferred from the con
text 
Glass was 3:1 EtOH to MeOH; shoulders at 595",562", 
515",485", and 431 8 nm 

Glass was 3: 1 EtOH to MeOH 

Single crystal; relative intensities (100:48) 

Relative intensities (100:44:4) 

Mull 

Ref. 

68B003 
69E212 

69BOOI 
69F389 
719059 

717460 

75BOO2 

67B008 

67B008 

71E361 

Charge·transfer complex only was excited; 757413 
naphthalene-PMDA charge-transfer complex 
Shoulder at 4038 nm; TT = 1.8 X 106 /.LS 696073 

Shoulder at 407& nm 696073 

.67B009 

tTriplet ET to triplet acceptors; the solvent was not 757534 
specified explicitly 

tRises with fluorescence decay; 50 /.Ls delay; pH 6; rise 767189 
time of 23 ns 

Solvent viscosity was 0.19 Nos/m2; relative intensities 58EOOl 
(100:88:54) 

79B050 

79B050 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol-I cm- I 

779. 2-(1-Naphthalenyl)-1,3-dioxane 

1,2-Dichloroethane FP 420 TT 108 fLs 80E720 
Hexane FP 415 TT = 63 ~s 80E720 

780. Z-(Z.Naphthalenyl)-1,3-dioxane 
1,2-Dichloroethane FP 417 TT = 142 fLs 80E720 
Hexane FP 412 TT = 104 fLs 80E720 

781. I-Naphthoate ion 
Water FP 439 pH 13 61E008 

782. Z-Naphthoate ion 
Water FP 414 pH 13 61E008 

783. Naphtho[l,Z,3,4·dej)chrysene 
Benzene MOD 610 Relative intensities (100:64:41); 71E361 

522 "1,2,4,5-dibenzpyrene"; Tr = 140 fLs 
442 

784. 1.Naphthoic acid 
Water FP 446 pKa 3.8 ± 0.5; pH 1 61E008 

785. 2·Naphthoic acid 
Liquid paraffin FP 430 61E008 

412 
Water FP 428 pKa 4.0; pH 1 61EOO8 

786. I-Naphthol 
EPA (77 K) PS 483 fPhosphorescence decay 51EOOI 

Mi1 

455 
Hexane FP 520 All bands except 520 nm were assigned to the second 58EOOl 

389.5 electronic transition; relative intensities 
374.5 (16:100:67:49:24) 
347.5 
335 

Isooctane FP 435 fSimilarity to I-naphthyl diisopropyl borate spectrum 717266 
400 

Isopentane/MCH/Et2O PS 481.0 tPhosphorescence decay; glass was 6:1:0.7 isopentane 71B003 
(77 K) 455.0 to MCH to Et20; 455.0 and 431.5 nm were the most 

431.5 intense peaks 
412.0 

PMMA FP 485 tSimilarity of spectrum to that of l·naphthyl di- 717266 
460 isopropyl borate; there was a weak band extending 
430 from 540 • 510 nm 
400 

787. 2-Naphthol 
Cyclohexane LP 433· 737287 

4138 

38,S' 
Cyclohexane FP 4678 tOxygen quenching and triplet ET to perylene; most 737113 

4298 intense peak at 429 nm; Tr = 67 JJ.s 
40Sa 

3848 

3558 

Cyclohexane LP/ET 435,6500 Triplet ET from perylene; E relative to perylene in 777391 
cyclohexane (E4BO = 13000 L mol- 1 cm -I); TT = 67 ~s 

Gelatin FP 443 fPhosphorescence decay; TT = 4.7 X lOs ~s 64E016 
Heptane FP 430S Lifetimes suggest solution not fully deaerated; TT = 36 77E663 

± 3 fLs 
Hexane FP 429.0 Another band at 467 nm was identified as the 71BOO3 

404.0 2-naphthoxYl radical: 429.0 nm was the most intense 
381.0 peak 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Arnax , €max 

Inm IL mol- 1 cm- 1 

Isooctane FP 433 
405 

Isopentane/MCH/Et2O PS 443.0 
(77 K) 419.0 

395.5 
Liquid paraffin FP 433 

411 
381.5 

PMMA FP 525 
438 
405 

Water FP 432 

Water LP 43P 

788. I-Naphthol/Triethylamine 
Isopcntanc/MCII/Bt20 PS 488" 
(77 K) 461 8 

4358 

417" 

789. 2-Naphthoi/Triethylamine 
IsopentanelM eH/Et20 PS 4460 

(77 K) 4248 

3888 

790. 9-Naphthoylanthracene 
EPA (77 K) FP 427 

791. I-Naphthyl acetate 
MCH (77 K) MOD/KM 436b,96O 

405\ 1400 
366b,56O 

792. 2-(l-Naphthyl)benzoxazole 
Pentane LPITD 530, 24200 ± 250 

489-
4228 

793. 8-(1-Naphthyl)-6, 7-dihydro-5H -benzocycloheptene 
Benzene LP-ET 507-

794. I-Naphthyl diisopropyl borate 
Triisopropyl borate FP 

795. l-Naphthyl diisopropyl borate 
Triisopropyl borate FP 

796. trans -t-(1-Naphthyl)·2·(2·naphthyl)ethy lene 

390" 

900 
535 
502.S 
476 
450 
420 
397 
377 

515 
425 
401 
380 

Benzene LP lET 500 ± 3, 19000 ± 2900 
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Comment Ref. 

tSimilllrity tn '-nJlphthyl diisopropyT horMf' Spf'ctrllm 717266 

.Phosphorescence decay; glass was 6:1:0.7 isopentane 71B003 
to MCH to Et20; 443.0 nm was the most intense peak 

61E008 

tSimilarity to 2-naphthyl·diisopropyl borate spectrum; 717266 
438 nm was the most intense peak 

Another maximum near 350 nm and a shoulder near 61E008 
390 nm; pKo = 8.1; pH 4.6 
Solution saturated with N 20j [HCI04] = 0.2 mol L -I; 737287 
shoulder at -41QA nm; delay 30 ns; pH Acidic 

H-bundc::d comph:A; glilli:; Willi (;:1:0.7 i50pentane to 71BOO3 

MCH to Et20; shoulder at 395a nm; 461 nm was the 
most intense peak 

H-bonded complex; glass was 6:1:0.7 isopentane to 71B003 
MCH to Et20; 446 nm was the most intense peak; 
shoulder at 405" nm 

.Phosphorescence decay; TT = 3.07 X 104 ,",,8 82E338 

82E648 

Shoulder at 4548 nm; TT = 0.52 ± 0.05 1J.8 82E632 

tTriplet ET from xanthone 84B007 

717266 

425 nm was the most intense peak 717266 

,Quenching by oxygen, a nitroxide free radical, and 84E237 
azulene; E relative to fluorenone in benzene (E43S = 
6000 L mol- 1 em-I); TT = 0.56 ± 0.08IJ.s; ke' = (6.9 
± 1.0) X 109 L mol- 1 S-l 
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TABLE 6. 'Spectralparameters for triplet~triplet absorption of organic molecules in condensed phases.."... Continued 

No. Solvent Method "max " Emu 
Inm /L mol-I cm- I 

Bromobenzene LP 505 ±3 

797: I-Naphthyloxideion 
EtOH/MeOH (77 K) PS ' 5058 

4768 

4528 

798. 2-Naphthyloxideion 
Water FP 460 
Water ,LP 4558 

799. 2-(2-Naphthyloxy)-3,5;5~trimetbYl-2 .. cyclohexen~1"One 
Men . . Li' ' " 430A 

~OO. l-(l-Naphtbll~~i.,ph~Drl~u.yleD4:: 
Benzene LP~ET 

801; trans-l.(1.NaPh~yl).2~pheDYletby.ent; 
Benzene LP lET 

Bromobenzene LP 

802.,· tJ:ans~,1~(2~Nap"tbyl)-l.pb~nyletbyleQe 
Benzene ,," LP-ET 

,Benzene 

Bromobenzene 
,EPA (77 K) 

LPIET 

LP 
LP 

8,03~' l-(l-N.pbtbylN'·pbenyl-l,3,4-0xadtazole 
Benzene ' LP ISD 

Cyclohexane FP/TD 

Cyclohexane FP/TD 

8Q4.. 2·(2·Naphthyl);,S.ph~nyl-l,3,4-0xadiazole 

Cyclohexane FP /TO 

Cyclohexane FP/TD 

490 ± 3, 17000 ± 2600 

495,± 3, 

530a 
41& 

39~,± 3, 8000 ± 1200 

400 ± 3 
510 
497 
492 
470 

580,67000 

696; 6200a 
496,5900" 
4S4,4,800a 

.' ,5Soa,Uoooa 
,49S,S(J()()& 
4~5, ~()(l()B 

611,62W 

508~ 4OOQ& 

413,14OC)()&' 
611,6200a 
S08.4Q0()8 
488,3800a 

. 4:41,.420()-
423, 14100a 

Comment Ref. 

'TT = 0.43 ± 0.06 J.I.S 84B237 

Glass was 5:1 EtOH to MeOH; there was a shoulder at 71BOO3 
4228 nm; the solution was 0.11 molL -\ KOH; 505 nm 
was the most intense peak 

Another maximum in the range 350 ~ 400 nm; pH 10.6 61E008 
Solution saturated with N 20; 'delay 30ns; pH 13 737287 

tOxygc:n quenching (1.7 X 109 L mol-Is-I); dC:CilY 8117111 
mellSuredat 410 nm and spectrum obtained by extrap-
olation to zero time; 'TT = 0.53 f.Ls 

tTriplet, ET from xanthone; 'TT, = 0.040 f.LS 

tQuenchmg by oxygen, a nitroxide free radical, and 
azulene; E relative to fluorenolle in benz~e (£435' ::::: 

6000 Lmol-I,cm-I); TT 0.39±O.06 'J.I.S; ket~ (6.7 
± 1.0) x 109 L mol-i 

7"T = 0.25 ± 0.04: f.Ls 

tTnpleLETfromxantbone and benzophenone. oxy
genan~azulene quenching; SOns delay; lifetimes are 
0.08 .... s (5~0 nmband)and,0.ISf,£s,(41O nm\)and); 
possible'triplet conformers;" ET = 206 kJ.mol~.1 
e relative to fluorenone in benzene (E43S 6000 L 
mol~1 cm~l); 'TT 0.J4± 0.02J.1.S; ket = {9.0 ±L3)X 
109 L mol-Is- I 

'TT = 0.09± 0.01 p.s 

84B007 

84E237 

84E237 

81E49O 

84E237 

84E237 
,747376 

tOxygef!. quenching (1.6 X 109 L mol'":l S-I); 100 ns 777265 
delay; "a-NPD"; 'TT = 0;300 f.£S 
Only peaks reported by authors given ~ extensive,vi~ 78B08l 
bronicstructure observed; oscillator strength = 0.13, 
0.02,O.Q4. 
Only principal maximum of the band(s) around 500 nm 79B119 
reported,extensive vibrational structure observed; E 

method assumed from ,earlier work; osoillator strength 
= 0.13, 0.02, 0;04 

Only peaks' reported by authors given;· o!ICillator ,78B081 
strength =0.04,0.02, 0.09 

E ,method assumed from earlier work; oscillator 79B119 
strength ~,0~03, ,<0;01, <0.01, 0.01, 0.09 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

805. 2-(1-Napbtbyl)-5-pbenyloxazole 
3-MP (77 K) CWL 
Benzene LP/SD 

806. Neo-alloocimene 
Toluene PR/ET 

807. Neometbylene Blue cation 
Water FP/SD 

808. a/l-trans·Neurosporene 
Cyc10hexane PR/ET 

809. Neutral Red· cation 
Water FP/SD 

810. Neutral Red cation, conjugate diacid 
Water FP/SD 

811. 5-Nitroacenapbthene 
EPA (77 K) PS/KM 

812. 4-Nitroaniline 
EPA (113 K) FP 
EPA (100 K) FP 

8l3. 3·Nitroanisole 
CF3CH2OH LP 

814. 4-Nitroanisole 
Glycerol triacetate LP 
(198 K) 
Glycerol triacetate LP 

815. 9·Nitroanthracene 
Benzene (293 K) LP 

EPA (77 K) FP 
EtOH LP 

EtOH (77 .K) FP 

816. 4-Nitrobipbenyl 
Benzene LP 
EPA (77 K) FP 

Glycerol triacetate LP 
(198 K) 
Glycerol triacetate LP 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Amax , Em .. 

/nm /L mol-I em-I 

580 
550, 100000 

34()8,930a 

315, 184()8 

489,274000 

580, 7300 
380,5800 

680, 12000 
390, 8000 

850,250 ± 30 
600,500 ± 60 
370,7100 ± 850 

595 
6Q08 

400" 

560 
418 
550 
414 

44Q8 
430" 

540 
550 
520 
530 
-375 
526 
-370 

Comment Ref. 

"a-NPO" 74B003 
tOxygen quenching (2.3 X 109 L mol-I S:"I); 100 ns 777265 
delay; TT = 0.215 IA-s 

tTriplet ET to perylene; E relative to perylene in ben- 83E258 
zene (E49O = 14300 L mol-I em-I); TT = 0.33IA-s; kc' = 
9.1 X 109 L mol-I S-I 

fTriplet ET from naphthalene, oxygen and 1- quench- 70E293 
ing; pKh = 6.5; structure of the spectrum could not be 
discerned because it was not corrected for SD; pH 9 

E relative to biphenyl in cyclohexane (E360 = 42800 L 83B121 
mol-I cm- I); TT = 6.6,u.s; ket = 1.22 X 109 L mol-I S-I 

fOxygen quenching; pKb 4.5; TT = 63 ± 12 /ls; pH 9.8 84B027 

fOxygen quenching; pKa 4.8; TT = 63 ± 12,u.s; pH 2.8 84B027 

tPhosphorescence decay; TT = (2.6 ± 0.3) X lOS /ls 78E057 

tPhosphorescence decay; TT = 250 ,u.s 
Lifetime measured at 93 K; TT = 4.5 X 104 /lS 

TT = 3.5,u.s 

418 nm peak was the more intense 

550 nm peak was the more intense 

170 ps delay; growth followed at 452 nm; authors later 
[84F385] quote Amax = 433 nm, with a shoulder at 410 
nm; rise time of (76 ± 6) X 10-3 ns 
TT = 1.77 X 104 ,u.s 
RilOe time: me:<llSu.re:d Cit 452 lUllj 100 ps dc:laYj rise time 

of 0.086 ± 0.006 ns 
TT = 1.77 X 104 ,u.s 

tPhosphorescence decay 

530 nm peak was the more intense 

526 nm peak was the more intense 

776104 
80E318 

84E033 

78B088 

78B088 

SUB084 

80B084 
80E234 

80E234 

747022 
747022 

78B088 

78B088 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

817. 2-[2-(S-Nitro-2-furanyl)]ethenylquinoline 
2-PrOHIWater FP 

818. S-Nitro-2-fnroic acid 
Acetone (295 K) 

Acetone (295 K) 

Acetone (295 K) 

Acetone (29j K) 

Acetonitrile (295 K) 

DMF (295 K) 
Ethyl acetate (295 K) 
Methylene chloride 
(295 K) 
Water (295 K) 

819. I-Nitronaphthalene 
EPA (77 K) 

EtOH 

EtOH 

Hexane 

Hexane 

N-Methylformamide 

820. 2-Nitronaphtbalene 
Acetonitrile 

EPA 

EPA (77 K) 

EtOH 

EtOH 

Formamide 

Hexane 

LP/HAT 

LP/ELT 

LP/ELT 

LP/ELT 

LP/ELT 

LP 
LP 
LP 

LP 

PS 

LP 

LP 

LP 

LP 

LP 

LP 

LP 

PS/KM 

LP 

LP 

LP 

LP 

Amax , Emax 

/nm /L mol- I cm- I 

590 

490, 19000 

490,20900 

490,20500 

490,20700 

490,22500 

490 
490 
495 

486 

580 
420 
580 

580 

525 

525 

615 

480 

470 

760, 510 ± 25 
475,750 ± 40 
360, 3600 ± 180 
470 

470 

520' 

425 

Comment Ref. 

tTriplet energy transfer to 79A403 
3,3'-diethylthiacarbocyanine iodide (in BuOH); sol-
vent was 1:1 2-PrOH to water; 50 p,s delay; TT = 670 
± 90 p,s 

Hydrogen atom transfer from 81AI40 
2,4,6-tri-tert-butylphenol (1.71 X 109 L mol- I S-I); E 

relative to 2,4,6-tri-tert-butylphenoxyl radical (E620 = 
400 L mol- I cm -I); TT = 0.2036 p,s 
tTriplet ET to 1,4-benzoquinone, azulene and ferro- 81AI40 
cene, oxygen quenching (1.68 X 109 L mol- I S-I); 
electron transfer from triphenylamine (3.3 X 109 L 
mol- I S-I); E relative to triphenylamine radical cation 
(E660 = 28750 L mol- I cm- I); TT = 0.2036 I1-s; ET = 
240 ± 4 kJ mol-I 
Electron transfer from tris(4-hromophenyl)amine 81A140 
(8.94 X 109 L mo}-I S-I); E relative to 
tris(4-hromophenyl)amine radical cation (Em 20800 
L mol-I cm- I); TT = 0.290 I1-s 
Electron transfer from TMPD (3.98 :x.: 10° L mol-I 81A140 

S-I); E relative to TMPD radical cation (E565 = 12470 
L mol-I cm-I); TT = 0.290 p,s 
Electron transfer from iodide ion (6.65 X 109 L mol-I 81Al4O 
S-I); € relative to iodine molecular anion (E400 = 12900 
L mol-I em-I); TT = 0.290 p,s 
TT = 0.0766 p,s 8lA140 
TT = 0.070 p,s 81A140 
TT = 0.070 p,s 81AI40 

Lifetime increases to 34.2 ns in deuterated water; TT = 81AI40 
0.0272 p,s 

78E057 

tPhosphorescence decay at 77 Kin PMMA and triplet 747236 
ET to perylene and tetracene 
tOxygen quenching (3.3 X 109 L mol-I S-I); TT = 4.9 81B064 
p,s 
tPhosphorescence decay at 17 K in PMMA and triplet 747236 
ET to perylene and tetracene 
tOxygenquenching(1.3 X 109 Lmol- l s- I);TT 0.93 81B064 
p,s 
fPhosphorescence decay at 77 K in PMMA and triplet 747236 
DT to pcrylcllc and tctraccnc 

fPhosphorescence decay in EPA at 77K, triplet ET to 767269 
tetracene; 7'T ..... 2.90 j-ls; k~, ..... 7.1 X 109 L mol-I s-I 

Radical or radical anion seen at "'max = 400 nm on 767269 
exposure to a long (5 p,s) flash 
tPhosphorescence decay; TT = (2.47 ± 0.02) X 105 p,s 78E057 

tPhosphorescence decay in EPA at 17K, triplet ET to 767269 
tetracene; TT = 1. 70 p,s 
tOxygen quenching (1.6 X 109 L mol-I S-I); TT = 1.7 81B064 
p,s 
tPhosphorescence decay in EPA at 17K, triplet ET to 767269 
tetracene 
fPhosphorescence decay in EPA at 77K, triplet ET to 767269 
tetracene; TT= 0.530 p,s 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 
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No. 

821. 

822. 

823. 

824. 

825. 

826. 

} "III l!l .'>p,-,-lfill l'al;llltclt'r~. fllr (ripicl-lrip\c\ absorption of organic molecules in condensed phases - Continued 

...... _.-_._.= ... ================================================================== 
Solvent Method 

Hexane LP 

Water LP 

4-Nitropyridlne·N -oxide 
Water FP 

4-Nitroquinolinc·N -oxide 

Benzene LP 
Water LP 

trans -3-Nitrostilbene 
Glycerol triacetate LP 
Glycerol triacetate LP 
(198 K) 

trans 4-Nitrostilbene 
Cyclohexane LP 
EPA (77 K) FP 
EtOH/MeOH (103 K) LP 

EtOH/MeOH LP 

Glycerol triacetate LP 

Glycerol triacetate LP 
(191 K) 

4-Nitro-p-terpbenyl 
EPA (77 K) PS/KM 

2-Nitrothiophene 
I-PrOH (273 K) LPIELT 

Acetone ,(273 K) LP 
Acetonitrile (273 K) LP/ELT 

Acetonitrile (273 K) LPIELT 

Acetonitrile (273 K) LPIELT 

CCI4 (273 K) LP 
EtOH (273 K) LP 
MeOH (273 K) LP 
Methylene chloride LP 
(273 K) 
Water (273 K) LP 
Water LP 

Amax , Emax 

Inm IL mol- 1 cm- 1 

425 

485 

550 
380 

530 
590 
410 

365 
382 

540 
585a 

590 
450 
585 
440 
:"140 

425 
550 
426 

800, 14500 ± 725 
600, 25500 ± 1275 
340, 38500 ± 1925 

545b, 8800 
544 

549 
548 
545b

, 10900 

548 
545b

, 8800 

548 
545\ 11200 

549 
545 
545 
545 

545 
545 

Comment Ref. 

tOxygen quenching (1. 7 X 109 L mol- 1 S-I); 7'T = 0.53 8IB064 
J.1s 
tPhosphorescence decay in EPA at 77K, triplet ET to 767269 
tetracene; 7'T = 7.60 f.Ls 

tOxygen quenching; 7'T 30 J.Ls 

tTriplet ET to tetracene; ket = 8 X 109 L mo}-l S-1 
Phosphate buffer; TT 50 J.Ls; pH 7 

737469 

84B128 
84B128 

78B088 
78B088 

tOxygen quenching in benzene; 7'T = 0.063 I-Ls 747022 
Shoulder at 555" 747022 
Solvent was 4:1 EtOH to MeOH; 450 nm peak was the 78B088 
more intense 
Solvent was 4: 1 EtOH to MeOH; 440 nm peak was the 78B088 
more intense 
~4U nm peak was the more mtense 

550 nm peak was the more intense 78B088 

tPhosphorescence decay; 7'T = (3.14 ± 0.16) X 105 f.LS 78E057 

E relative to {C6H')2N· in MTHF glass at 77 K (Emax 

3900 L mol- 1 em-I): protonation was thoul'!:ht to take 
place after ELT; 7'T = 0.118 f.Ls 
7'T = 0.227 JLs 
tOxygen quenching; E relative to 
3,3',3"-tribromotriphenylamine radical cation in meth
ylene chloride (EIIIIIJI = 20800 L mol-I cm- I), assuming 
nO solvent effect; E was to be an upper bound since 
assumptions included complete ELT, no back
reaction, and no reaction with solvent; 7'T = 0.30 f.Ls 
tOxygen quenching; E relative to TMPD+ in water 
(Ema> = 12470 L mol-I em-I), assuming no solvent 
effect; E was to be an upper bound since assumptions 
included complete EL T, no back-reaction, and no re
action with solvent; 7'T = 0.30 IJ-s 
tOxygen quenching; E relative to triphenylamine radi
cal cation in EtOfl (Emax = 28750 L mol- I em-I), 
assuming no solvent effect; E was to be an upper bound 
Slince ASI§lumption§l included complete EL T, no bAck. 

reaction, and no reaction with solvent; TT = 0.30 J.Ls 
7'T = 0.022 iJ-s 
'TT = 0.129 1J-s 
7'T = 0.282 J,LS 

TT = 0.173 J.1s 

Phosphate buffer used; pf.f 7.0 ± 0.1 

82AI53 

82A1S3 
82AIS3 

82AIS3 

82AI53 

82AI53 
82A153 
82AI53 
82A153 

82A153 
82AI54 
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TABLE-6. Spectral parameters for triplet-triplet absorption of organic molecules-in condensed phases- Continued 

No. Solvent Method 

827. OctaetbylporphiDatopailadium(ll) 
Methyl methacrylate LP 

828. Octaethylporphinatotin(lV) dichloride 
1,2:-Dichloroethane LP/SD 

Am .. , Em .... 

Inm IL mol- 1 cm-' 

584b,2400 
566b,3500 
551 b,5300 
433a 

418b, 18000 

Comment Ref. 

417 nm peak was the more intense 747346 

747346 

829. 8,9,10,11,12,13,14,15~Octabydro-5, 7:16,IS-dietheno-2,21-octanocyclopentadeea[I,2-a :1,15-a ' Jdiindene 
2-MTHF (77 K) PS/KM 397a,3S9O<Y Compound "X" in paper 83E383 

830. - (all~E)·3, 7 ,11;15,20,24,28,32-0ctametbyl-l,34-bis(2;6,6-trimetbyl-l-cyclohexen-l-y1)-1,3,5,7,9,11,13,15,17 ,19,21,23,25,27 ,29,31,33-
tritriaeontabeptadecaene 
Benzene (296 K) 

831. -Orotate ion 
Water 

832. • Orotic acid -
Water 

FP/SD 

FP/SD 

620 

315,22000 

310,11000 
280, 14000 

833. 7,;Oxa-2,3-dibeilzoylbieyclo[2.2.1]hepta-2,5-diene 
<Benzene LP/RA 410 ± 5,5640 ± 1400 

MeOH LP 4OS-± 5 

834. 7 ·Ox.2,3-dibenzOylbieyelo[l.2.1]hept.;z.;ene 

835. 

836.' 

837. 

838. 

839. 

Benzene LP/RA 450 ± Sb;2700 ± 700 
342a 

OxoniDe cation 
MeOH FP-ET/SD 7soa, lS{)()()I 

675·, soooa 

Oxonme cation,colijligilti.nlioDoacld 
MeOH- FP-ET/SD' 650", 16O()()1\-

380", lJOOOl 

Oxotitailium(1V) tetrapheaylporpbyrln 
BtOH LP 465 

PaBadiuni(ll) etioporphyrin I 
'DMF FP/SD 410,'70000 

36', '1000 

Palladium(ID tetrabenzoporphyrin 
Pyridine FP 480 

385 

Triplet ETfrom chlorophyll a; oxygen quenching (5.6 . 73E347 
X 109 L mol-I s-'); TT = 2.5 ,.,.s; ke' = 1.8 X 109L 

mol-I S-I 

tOxygen quenchiIig;pK. 9.4; 'TT = 137 ± 10 ,.,.s; pH 7.0 71E367 

tOxygen quenching; pKa 4.6;TT = 137 ± 10 JI.S; pH 3.0 71E367 

tOxy-gen and azulenequenching; E relative to henzo- 84A35S 
phenone in benzene (Em = 7600 Lmol- I cm- I), as
Suming'<I>T =l.for benzophenone and taking<l>T = 
0.70 for the compound in benzene; TT= 0.45 ± 0.07 p.s 
tOxygcm quenching; 'TT = 0.41 ± 0.06,.,.8 84A3SS 

tOiygen and azulene quenchiIig; E relative to henzo"- 84A35S 
phfmone in -benzene (fS32 = 7600 L mol:-' cm-1),as_ 
surillDg ~= 1 for benzophenone and taking 'i'T = 
0.74 for the compound in benzene; TT = 1.4 ± 0.2 ~s 

tTripletET from 9,1O-dibromoanthrAcene, o:ll.ygen 767246 
quenching; E assumes triplet does not absorb where 
singlet depletion is followed; 'TT = 140 p.s; pH Basic 

tTriplet ET .from 9,1O-dibromoanthracerie; E assumes 767246 
triplet does not absOrb where singlet-depletion is fol-
lowed; 'TT= 55 JJ.S; pH Acidic 

*Oxygen quenching; delay 200 ns; triplet species likely MB008 
to be in eqriilibrimnwith EtOH-coordinated triplet; 'TT 
= 35 ± l,.,.s 

tPhosphorescence decay: 'TT = 300 p.s 73E345 

tPhosphorescence decay; TT =190 u.s 73E34S 

J. Phya.Chem. Ref. Data, Vol. 15, No.1, 1986 
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lAIlI.!' 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax 

Inm IL mol- J cm- I 

840. Palladium(II) tetrakis(carboxyphenyl)porphyrin 
Water LP 850 

720 

841. Palladium(II) tetrakis(4-N .methylpyridyl)porphyrin 
Water LP/TD 940,6400 ± 600 

470b, 33400 ± 3300 
450b

, 52000 ± 5200 

842. Palladlum(lI) tetrakii!i(p ·i!iultonatopbenyl)porpbyrin 

843. 

844. 

845. 

Water LP/TD 830,7600 ± 800 
460b

, 28000 ± 2800 

Palladium(II) tetraphenylporphyrin 
MCH FP/TD 

Pyridine FP/SD 

[2.2]Paracyclophane 
2-MTHF (77 K) LP 

2-MTHF (77 K) PS 

Pentacene 
l-Chloronaphthalene FPITO 
Benzene (323 K) FPITD 

Hexane FP/SD 

Hexane FP 

450,41000 
385,30000 
450,47800 
385, 35000 

550 
380 
340 
380 

505,9900 
505, 120000 
472,48000 
392,3000 
374,6500 
340, 6900 
305,560000 

525,30000 
490,205000 
457, 107000 
383.60000 
305,630000 
492 
460 
385 
300 

Comment Ref. 

82E622 

Shoulder at 820 nm 82E622 

Shoulder at 700 nm 82E622 

*Oxygen quenching; 'TT = 380 J.l.s 81B271 

73E345 

Most intense peak at 380 nm; polarization also mea- 79B050 
sured 

Solvent uncertain; polarization also measured; 1'T 

> 106 
J.tS 

81F201 

727013 
Peak at 305 nm was the values measured in cy· 727348 
clohexane; shoulders at 440,418,355, and 292 nm, with 
the 292 om figure for cycJohexane; 5 electronic transi-
tions were assigned with 0-0 bands at 505 nm eBig), 
392 nm e Atg}, 374 nm eBig), 340 nm eB(g), and 305 nm 
eBig); TI was 3Bit; TT = 69.9 ± 3.4 ,...s; oscillator 
strength = 0.7, <0.005,0.03, <0.005,2.1 
Bands were assigned to 4 separate electronic transi- 58EOOl 
tions; bands at 490 and 457 nm were assigned to the 2nd 
electronic transition; oscillator strength = 0.2,2.4, 1.4, 
2.0 

Relative intensities (3:2:1:10); TT = 110 ± 12 f.LS 61EOOS 

846. Pentacyclo{18.2.2.19,12 .()4.IS .06.17]bexacosa-4,6(17),9,11,lS,ZO,21,23,lS-nonane.l0,lS.dicarbonitrile 
Acetonitrile LP 775a fTriplet ET to piperylene, rises' with fluorescence de- 776181 

5058 cay, oxygen quenching; 200 ns delay; "layered cy
clophane" 

Toluene LP 760" *Triplet ET to piperylene, rises with fluorescence de- 776187 

847. Pentahelicene 
MCH/lsohexane FP 

MCH/Isohexane (93 K) FP 

848. Pentaphene 
Cyclohexane LP ISO 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

52Sa cay, oxygen quenching; 200 os delay 

630 
42(}8 

630 
420a 

493,45900" 
440,37300' 

tRise time identical to fluorescence decay, oxygen 79A237 
quenching (5.7 X 108 L mol- 1 S-I); relative intensities 
(3:1); solvent was 2:1 MeR to isohexane; '7'T 0.31:± 

0.02 fJ-s 
tPhosphorescence decay, OOMR signal; relative in- 79A237 
tensities (3:1); solvent was 2:1 MCH to isohexane; TT = 
2 X 106IJ.s 

Delay 100 ns 84B390 
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TABLE 6. Spectral parameters for· triplet~triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

849. Cis ~Periruiphthothioindigo 
MCH/Toluene (93 K)·. LP 

MCH/Toluene (93 K) LP 

850. trans~Perinaphthothioindigo 

MCH/Toluene(93 . K) LP 
MCHffoluene(93 K) LP 

851. 1,4-Perinaphthyldiyl 
EPA (77cK) 

852. perylene 
Benzene 

Benzene 

Cyclohexane 

Hexane 
Hexane 

Polystyrene 

853. Perylene/Chloranil 
Liquid paraffin 
PMMA 

8:54. Pbenantbrene 
1 i;BuOHllsopentane 
(77 K) 

3-MP(77 .• K) 
Benzene 

Benzophenone(77 K) 

Butane/lsopentane 
(77 K) 

PS 

PR/ET 

LP-ET 

LP/ET 

FP 
FP 

PR 

MOD 
PS 

PS 

PS/ESR 
PR/ET 

PS/COM 

PS/IV 

Am"" , E:m8x 

Inm IL mol-I cm- l 

490, 14300 

500 
460 
480, 13000 

485.9 
488 
280 
495 

475 
595 
580 
563 
544 
505 
480 
463 

493.1 
460.2 
~31.0 

..j.90,41!HX) 
492.5, 15700 

500a, 21W ± 1000 
4748

, 1200a-c 

46'r, 1300--" 
44P,500a 
435-,500a 
492.5, 27000 ± 5000 
459-,-11000 

Comment Ref. 

Glass was 1:1 MCH to toluene; shoulder at 715"; 66182F295 
nm peak was. the more intense 
Shoulder at 716a nm; glass was 1:1 MCH to toluene; 82A190 
T'T = -lOJls 

Glass-was 1:1 MCH to toluene 82F295 
lOxygen quenching at 295 K; glass was l:lMCH to 82A190 
toluene; TT = -10 /Ls 

lESR, T- l ESR signal intensity; triplet 0-0 bands only; 79E175 
apparent triplet ground state; spectrum probably con-
tains singlet transitions 

, reltative to benzophenone ketyl rtadical in cy- 71E360 
clohexane «(max 3700L mol-I cm-I); ( obtained 
from a simultaneous least squares fit or data from 
several compounds making use of cyc10hexane to ben-
zeneE:;".y ratios of 1.83 for naphthalene and 1.45 for 
anthracene 
Triplet ET from 1-nitronaphthalene; kct = 4.2 X 109 L 747236 
mol-I S-:I 
Triplet ET from anthracene;E relative to anthracene in 777391 
cyclohexane (E425 = 64700 L mol,-I cm- I) 

54EOOl 
The two bands were assigned to different electronic 58EOOl 
transitions 
GE = 6500 Lmol-1 cm-I I (100 eV absorbed); half-life 672086 
= 6OooJ.A.s .. 

Mull .. 71E361 
Charge transfer complex; most intense peak at 480 nm 766652 

A distinction between a 1:7 and a 3:7 glass was not 63 BOO 1 
made; all 3 vibronic bands were assigned to the 3B2 _ 

3 AI trailsition 
lE$R; only most intense visible peak reponed 69611:5 
E relative to benzophenone ketyl radical in cy- 71E360 
clohexane(Emax 3700L mol-I cm-I);E obtained 
from· a simultaneous least squares tit of data from 
several compounds making use ofcyclohexane to ben-
zeneEmax ratios of L83 for naphthalene and 1.45 for 
anthracene· 
Mixed crystals; shoulders at 4958 ,4888,4788

, 4698
, and 68EI06 

455a nm; (. measured by a technique involving re
absorption of phosphorescence 

Glass was 3:7 butane toisopentane;ET was computed 65E031 
from OD = ETT pio{1 - <l>r) after the optical density, OD, 
was extrapolated to zero· intensity of the monitpring 
beam (namely io - 0), here T was lifetime of triplet,and 
<l>r was ·fluorescence quantum yield; oscillator strength 
= 0.11 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

Cyclohexane 
CycIohexane 

CycIohexane 

CycIohexane 

Dipropyl ether (100 K) 

Dipropyl ether (110 K) 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 

EPA (77 K) 
EtOH (293 K) 
EtOH (77 K) 

EtOH (77 K) 
EtOH 

EtOH 

EtOH/MeOH (104 K) 

EtOH/MeOH (101 K) 

Ethylene glycol 

Method 

FP 
PR/ET 

LP 

PR/ET 

FP 

PS 

PS/IV 

PS 

PS 

PS/KM 

FP/SD 

PS/KM 
FP 
MOD/KM 

MOD 
LP 

LP 

PS 

PS 

FP 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 

Am •• , Em •• 
Inm IL mol-I cm- I 

480 
482.5, 21000 ± 5250 

485 
460 

425 
482.5, 25200 

493' 
463" 
437" 
498" 
465" 
439" 
493.1, 1560c ± 190 
459.6, 880c ± 80 
493.1 

460.2 
431.0 
828 
735 
656 
599 
493 
499-, 18500-

466",9200" 
431",2800-
492.5, 38000 ± 6000 
461-, 17000-
431-,5700" 
493,20400 
482 
489, 38000 ± 9500 
457.5, 16000 ± 4000 

428, 5400 ± 1300 
293, 13000 ± 3300 
490 
480-
450-
482-
452-
427-
489 
459 
490-
4.59" 
485 
453 
428 
400 

Comment Ref. 

TT = 145 J.ts 62E009 
E relative to benzophenone ketyl radical in water (Ems 680727 
= 3220 L mol-I em-I), assuming this value for ES42.5 in 
cycIohexane 
tRise time of transient was the same as the decay time 68B006 
of the singlet 

E relative to benzophenone ketyl radical in cy- 71E36O 
cIohexane (Ema. = 3700 L mol-I em-I); reference E 
obtained by starting from Em •• = 3220 L mol-I cm- I 

for this ketyl radical in water and assuming theJofthe 
ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds 
Shoulder at 474- nm; TT = 3.8 X 106 J.ts 696073 

Relative intensities (4:2: 1); polarization also. measured 70B002 

tPhosphorescence decay; E'S are too low; 1st transition 51EOOI 
assigned as 3La -+ 3Cb 

~Phosphorescence decay; relative intensities '413001 

(100:45:14); TT = (3.3 ± 0.2) X 106 J.ts 

tphosphorescence decay; TT = (3.9 ± 0.8) X 106 fLS 67E106 

Solvent, temperatnre and extinction method a.c;;snmed 69E213 

from earlier work; polarization also measured 

TT = 3.4 X 106 fLS; oscillator strength = 0.15 69F389 

Am •• assumed from previous work 69E212 
68E098 
737055 

Halfwidth 550 em-I 777538 
Relative intensities (3:2); solution contains Ag ions; 1.8 78E554 
fLs delay 
Solvent absolute EtOH 82B052 

Solvent was 3:1 EtOH to MeOH; polarization also 68E102 
measured 
Glass was 3:1 EtOH to MeOH 75B002 

Relative intensities (100:60:25:10); TT = 910 ± 83 J.Ls 61E005 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am,. , Em,. Comment Ref. 
Inm IL mol- 1 cm- 1 

Heptane (77 K) PS 829 69E211 
723 
650 
496 
492 
485 
474 
465 
455 
443 
435 
428 
405 

Hexamethylbenzene PS 496 Single crystal; relative intensities (100:61) 67B008 
(130 K) 465 
Hexane FP 481.0 54EOOI 

452.9 
425.0 

Hexane FP 480 Relative intensities (100:60:25:10); 'TT = 93 ± 7 J.Ls 61E005 
450 
42R 
399 

Hexane (77 K) PS 497.5 Relative intensities (10:_:_:4:_:2:_) 69E211 
485.9 
471.9 
460.0 
435.9 
430.1 
410.0 

Liquid paramn FP 480 Viscosity of solvent was 0.167 N.s/mz; 'TT = 2400 /-I-s 62E009 
Liquid paraffin FP/TD 480b

, 24000 ± 2000 67E031 
PMMA (293 K) PS 488.8 Relative intensities (100:55: 10) 67B008 

456 
426 

PMMA LP 520 70E288 
510 
481 
454 

PMMA (15 K) PS 816 8lB094 
720' 
489 

Polystyrene PR 4958 GEm = 11 oooa L mol- 1 cm -I I (100 e V absorbed); 701073 
458" GE4S8 = 92008 L mol-I cm- I 1(100 eV absorbed) 

Polyvinylbutyral (77 K) LP 493 80E867 
460 
430· 

Polyvinylbutyral (77 K) FP 493 Relative intensities (5:2:1); polymer film; 'TT = 4.4 X 82E129 
460 106 J,Ls 
425' 

SDS LP 490a Most intense peak at 490 nm; aqueous micelle 81N016 
460' 
420a 
400a 

Toluene (77 K) MOD 500 Halfwidth 670 cm- I 777538 

855. Phenanthrene-dto 
3-MP (77 K) PS 825 67E106 

727 
650 
594 

3-MP (77 K) PS/ESR 489,42900 tESR; band was assigned as 3 Ag +- 3Bz; oscillator 68D211 
457', 19100' strength =. 0.23 
429',79Doa 
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1',-\"11 It, SpeclllII paralllt:lerS for triplet-tripJet absorption of organic molecules in condensed phases - Continued 

No, Solvent Method Ama. , Emax Comment Ref. 
Inm /L mol-I cm- I 

3-MP (77 K) PS 490" 69E210 
4:W 
429& 

3-MP (77 K) PS 8278 Band at 495 nm assigned as the 0-0 of the 3Al +-- 3Bi'" 74B002 
728" and was the most intense band, ,.,., 4 times as strong as 
648" the bands to the red; 49' nm was the strongest vtbrontc 
5868 band; shoulder at 4268 nm 
495 
4548 

? (77 K) PS 488 tPhosphorescence decay and ESR lifetime; glass used 61E108 
459 was either 2-MTHF or 3-MP; 'TT = 1.36 X 107 p.s 
432" 

Biphenyl (4 K) PS 498" Maximum is taken from the c' -axis absorption spec- 67B008 
trum 

Cyclohexane LP 520 70E288 
510 
481 
454 

EPA (77 K) PS/RA 830,675 tPhosphorescence decay; ratio of intensity at 493 nm 67E106 
734 to that at 830 nm was 40; E relative to phenanthrene-h lO 

658 in 3:7 butane/isopentane glass at 77 K (Em,s = 27000 L 
598 mol-I em-I); the 830 nm transition was assigned as lLb 
493 +-- JLa; 'TT = (1.63 ± 0.15) X 107 IJS 
459 

EPA (82 K) PS/KM 487, 20400 ± 1100 68B003 
EPA (77 K) PS 493 Transition assigned as 3Al +-- 3Bt 69Bool 
EPA (77 K) FP/SD 492.5,31000 ± 5000 'TT = 1.22 X 10' ","S 69F389 
EPA (77 K) PS/KM 8238

, 1()()()8 Two electronic transitions were assigned, the 2nd 747347 
7238

, 1400" starting at 495 nm; shoulder at 9268 nm; E-method as-
65P, 1100' surned on basis of earlier work by authors, oscillator 
5978,960" strength = 0.02~ 0.15 
495,20400 
460", 9500' 
4268,2800' 

Heptane (77 K) PS 830 Relative inten!l.itip_<I 61.)F.211 

770 (14:13:19:12:100:88:59:35:43:30:19:24:20:11:10) 
725 
650 
497 
494 
487 
475 
467.5 
457 
443 
435 
426 
409 
400 

Hexamethylbenzene PS 495 Single crystal; relative intensities (100:65) 67B008 
(130 K) 465 
Hexane PS g30 Weo.k bo.nds in the red only studied 67B005 

770 
725 
650 

PMMA (293 K) PS 486.6 Relative intensities (100:65: 10) 67B008 
454 
424 

856. Phenantbrene/Pyromellitic dianhydride 
DipropyJ ether (100 K) FP 493" 696073 

4378 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 



TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 147 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em_. Comment Ref. 
/nm /L mol- 1 cm- 1 

857. Phenanthrene/Tetrachlorophthalic anhydride 
Dipropyl ether (100 K) FP 498" Shoulder at 435" nm; TT = 1.1 X 106 ,..,S 696073 

469" 

858. Phenanthrene-dlO/Tetrachlorophthalic anhydride 
EPA (77 K) PS 492 67B009 

458 
431 

859. Phenanthridine 
EtOH/Et20 (77 K) PS 735 Solvent was 3:2 EtOH to Et20; relative intensities SOB 130 

660 (17:25:70:82:84:100:65); ET = 265 kJ mol- 1 

56& 

529 
493 
463 
439 

PMMA (293 K) FP 440 TT = 2.5 X 104 ,..,8 70E291 
PMMA (77 K) PS 560 70E291 

520 
465 

860. 6(5H)·Phenanthridinone 
EtOH (300 K) FP 425 SIE649 

861. 1,lO·Phenanthroline 
2-PrOH FP 445 ,Oxygen quenching, pentadiene quenching; TT = 33 777201 

422 ± 2/-Ls 
Benzene PR 440 TT = 3.3 ± 0.6 /-Ls 82A259 

420 
CycIohexane FP 442 tOxygen quenching, pentadiene quenching; TT = 26 777201 

422 ± 3/-Ls 
EtOH FP 445 ,Oxygen quenching, pentadiene quenching; TT = 35 777201 

425 ± 4/-Ls 
EtOH/EhO (77 K) . PS 450 Solvent was 3:2 EtOH to Et20; relative intensities 80B130 

427 (100:93); ET = 264 kJ mol- 1 

EtOH/MeOH LP 434" Solvent was 4: 1 EtOH to MeOH; shoulders at 456" and 81E786 
410" nm 

Heptane FP 440 ,Oxygen quenching, pentadiene quenching; TT = 19 777201 
420 ± 2/-Ls 

Isopentane FP 440 ,Oxygen quenching, pentadiene quenching; TT = 17 777201 
420 ± 2,..,s 

PMMA (77 K) PS 450 l'T = S.7 X 105 ,..,S 70E291 
421 

PMMA (293 K) FP -440 Decay was nonexponential, and lifetime was calcu- 70E291 
lated from a terminal 1st-order rate constant; l'T = 4.3 
X 1O~ ,..,S 

Water FP 450 tOxygen quenching, pentadiene quenching; l'T = 42 777201 
425 ± 4,..,s 

862. 1,7·Pbenanthroline 
EtOH/EhO (77 K) PS 476 Solvent was 3:2 EtOH to EtlO; relative intensities 80B130 

441 (92:100); ET = 267 kJ mol- 1 

863. 1,S·Phenanthroline 
EtOH/Et20 (77 K) PS 481 Solvent was 3:2 EtOH to Et20; relative intensities 80B130 

457 (87:100:52); ET = 262 kJ mol- 1 

426 

864. 1,9.Phenanthroline 
EtOH/Et20 (77 K) PS 482 Solvent was 3:2 EtOH to EllO; relative intensities 80B130 

454 (100:65:43); ET = 262 kJ mol- 1 

426 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama. , Ema. Comment Ref. 
Inm IL mol-I cm- I 

865. 4,7-Pbenantbroline 
EtOH/Et20· (77 K) PS 488 Solvent was 3:2 EtOH to Et20; relative intensities 80B130 

458 (100:66:32); ET = 267 kJ mol~1 
435 

866. Pbenazine 
Benzene FP 440 TT = -130 ILs 717154 
CF3CH2OH FP/SD 4568

, 14100· tOxygen quenching; no absorption could be seen in 716169 
355", 36900" the 360 - 400 nm region, possibly due to SD masking it; 

lifetime was concentration dependent, and the value 
quoted was the longest measured and was measured at 
the lowest concentration; TT = 170 p.s 

Cyclohexane FP 511" Shoulder at 434" nm; 445 nm was the more intense 707337 
44Y peak; delay 30 ILs 

Isooctane LP 500' Relative intensities (1 :2); 50 ps delay; shoulders at 465, 766469 
440 455 and 425 nm; rise time of 140 ns 

MCH FP/SD 440", 15100" tOxygen quenching; E'S at wavelengths shorter than 716169 
378", 36700- 420 nm were more uncertain than the 440 nm band 
356-, 38400" because of the SD region; TT = 42 ± 3 ILs 

MeOH FP 5088 Shoulder at 441 8 nm; 447 nm was the most intense 707337 
447· peak; delay 65 ,.,.S 
~91" 

MeOH LP 500" Relative intensities (1 :2); rise time of 200 ns 766469 
440 

PMMA (293 K) FP 460 TT = 9000 ILs 70E291 
440 
426 

Toluene (293 K) FP 5158 tPhosphorescence decay in EPA at 77 K, oxygen 80E778 
430" quenching 

Water FP 506" Shoulder at 4168 nm; 445 nm was the more intense 707337 
4458 peak; pH-6 

867. Phenazine, conjugate monoacid 
MeOH FP 460 Solution was 0.1 mol L -I acetic acid and 0.1 mol L -I 687213 

sodium acetate; delay 60 ILs; pK8 3.8; TT = 340 ± 40 p.s 

868. Phenol 
Water (298 K) LP -250 Lifetime was measured at pH ; .5; spectrum is the dif- 757161 

feren~e between spectca at 20 ns and 15 ,.,.8; TT - 3.3 

ILs; pH 7.7 

869. Phenosafranin 
Water FP 6648 Any maxima in the range of 400 - 600 nm were masked 697061 

by SD; pH 3-5 

870. Phenothiazine 
3-MP (77 K) PS 465 67EI06 
EPA (77 K) PS 467 67E106 
MeOH LP/ELT 460, 27000 E relative to phenothiazine radical cations in MeOH 757353 

(ES20 = 9300 L mol-I em-I); ELT measurement used 
Eu +3 ions as electron acceptors; 2nd-order rate con-
stant in ELT = 4.7 X 109 L mol-I S-I 

871. Pbenoxazine 
3-MP (77 K) PS 460 TT = (2.7 ± 0.3) X 106 ILS 67E106 
Benzene FP 465 tPhosphorescence decay in PMMA at 90 K; TT = 26 707186 

ILs 
EPA (77 K) PS 458 tPhosphorescence decay; TT = (2.7 ± 0.2) X 106 ILS 67E106 
EtOH FP 465 tPhosphorescence decay in PMMA at 90 K; TT = 44 707186 

,.,.S 
Hexane FP 465 tPhosphorescence decay in PMMA at 90 K; TT = 26 707186 

,.,.S 

MCH FP 465 tPhosphorescence decay in PMMA at 90 K; TT = 32 707186 

ILs 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method Am8x , Emu 

Inm IL mol- 1 cm- 1 

3.Phenylacetylacetone 
EtOH/MeOH (118 K) FP 490 

Phenylacetvlene 
Isopentane/2-PrOH PS 2558 

(77 K) 

9·Phenylacridan 
EtOH (97 K) FP/? 520, 100008 

N .Phenylacridan 
EtOH (93 K) PS 5258 

Phenylalanine 
Water (298 K) LP 316" 

244" 
Water (298 K) LP -310 

-240 

4-(Phenylamino)· 7 H ·benz[de ]anthracen. '-one 
Benzene LP 6388 

590" 

9.Phenylanthracene 
2-PrOH FP 428" 
EtOH FP 430 
EtOH FP/ET 44Ob,9100 

428, 13500 
424b

, 12500 
EtOH FP-ET/RA 694b,28 

Ethylene glycol FP 432 
Liquid paraffin FP 434 

4-Phenylbenzophenone 
AlcohollEther (77 K) MOD 540 

9·Phenyl-9H ·9·bismafiuorene 
MCH/lsopentane (77 K) FP 387· 

l·Phenylcyclohexene 
Cyclohexane LP-ET/RA 325b

, 4400 

l·Phenyldeoxybenzoin 
Benzene LP 425 

338 

2,2 f ';'(l,4-Phenylene)bisbenzoxazole 
Toluene LP/TD 480, 18600 ± 250 

420 

2,2' .(1,4-Phenylene)bis[S.(4-butoxyphenyl)oxazole] 
2-MTHF (77 K) CWL 590 

2,2 f -(1,4-Phenylene)bis[S.phenyloxazole] 
2-MTHF (77 K) CWL -500 
Dioxane LP 550" 

360" 

Comment Ref. 

Solvent was 3:1 EtOH to MeOH 68B005 

tESR; glass was 7:3 isopentane to 2-propanol by vol- 68B007 
ume; by assuming that radical formation occurs only 
from T' and that it is wavelength-independent, the 
author devise an ESR method that determines the 
shape of ITA even in the SD region 

Shoulder at 625 nm 697225 

69E214 

Spectrum is the difference between spectra at 10 I-Ls 757162 
and 20 ns; TT = 2.4 ± 0.2 I-Ls; pH 0.3 
tOxygen quenching; spectrum is the difference be- 757162 
tween spectra at 10 J,l.S and 20 ns; TT = 3.1 ± 0.3 J,l.S; pH 
7.5 

tOxygen quenching (1.7 X 109 L mol- I S-I); half-life 757427 
= -0.28 ILs 

fQucnching by hcavy atom containing moleculcs 

Triplet ET from eosin and proflavine; E relative to 
eosin in EtOH (ES80 = 9400 L mol-I cm-I) and pro
flavine in EtOH (Esso = 11000 L mol- I cm- I) 
E relative to 9-phenylanthracene in EtOH (E430 

14000 L mol- I em-I) 
tQuenching by heavy atom containing molecules 

Glass was 2:1 alcohol to ether 

65F031 
67E109 

716235 

78E019 

67E109 
65F031 

76E682 

tPhosphorescene lifetime; glass was 3:1 MCH to iso- SIE64S 
pentane; shoulder at 369" nm; TT = 1000 I-Ls 

E relative to naphthalene in cyclohexane (Em = 24000 82E181 
L mol-I cm- I), but in ref. cited (Em = 24500 L mol-I 
em-I); triplet ET from thioxanthone; TT = -0.065I-Ls 

tOxygen quenching ( > 109 L mol-I 8- 1), piperylene 79A028 
quenching; relative intensities (1:3); TT = 0.27 I-Ls 

Shoulders at 562a
, 528a

, 451 a, and 405a nm; TT = 0.48 ± 82E632 
0.05 I-L8 

"DibutoxyPOPOP" 74BOO3 

"POPOP" 74B003 
Weak very broad bands 80E438 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method Em •• 

10m IL mol- I cm- I 

O-(2-Phenylethyl) 4-(dimethylamino)benzenecarbothioate 
Cyclobexane LP/SD 450, 20000 ± 10000 

O-(2-Phenylethyl) 4-methoxybenzenecarbothioate 
Cyclohexane LP 430 

O-(2-Phenylethyl) I-naphthalenecarbothioate 
Cyclohexane LP 480 

O-(2-Phenylethyl) 2-napbtbalenecarbothioate 
Cyclohexane LP 440 

2-Phenylindene 
Benzene (298 K) LP-ET -390 

Benzene (298 K) FP 392 
Benzene (298 K) LP-ET 392 

EPA (77 K) FP 390 
368 
352 

EPA (298 K) LP 380 
360 

J3-Pbenyl-4 ' -metboxypropiopbenone 
Benzene LP 38P 

l-[[(Phenylmetbyl)sulfonyl]metbyl]naphtbalene 
Acetonitrile LP 430" 

I-Phenylnaphthalene 
3-MP (77 K) PS/ESR 495, 18400 

462-, 10300" 
441", 5700-

Cyclohexane LP/ET 480, 17600 ± 1000 

2-Phenylnapbthalene 
3-MP (77 K) PS/ESR 476, 2400" 

433,34600 
410·, 19300" 
382·, 12400" 

Cyclohexane LP/ET 425, 48300 ± 5000 

N -Phenyl-2-naphthylamine 
RtOH (77 K) MOD/KM 520, 9000 ± 2300 

331, 7000 ± 1700 
292, 21500 ± 5400 

2-Phenyl-2-norbornene 
Cyclohexane LP-ET/RA 325b

, 17900 

9-Phenyl-9H -9-phospbafluorene 
MCH/Isopentane (77 K) FP 387· 

Comment Ref. 

tOxygen quenching and triplet ET to tetracene; 'TT = 737318 
0.5,."s 

tOxygen quenching; 'TT = 0.3 ,""S 737318 

tOxygen quenching and triplet ET to tetracene; 'TT = 737318 
1 ,."S 

tOxygen quenching 737318 

tTriplet ET from benzophenone, oxygen quenching (4 8lE214 
X 109 L mol-I S-I); 'TT = > 3 ,."s; k.t = 6 X 109 L 
moll s I 

'TT = ;;;. 100 ,."s 81E214 
tTriplet ET from xanthone, oxygen quenching (3.8 X 81E214 
109 L mol-I S-I); 'TT > 5 ,.,.s; ke' = 6 X 109 L mol-I 
s-I 

Most intense peak at 390 nm; 'TT = 4O,.,.s 737069 

81E214 

84E018 

84B022 

tESR; shoulder at 418" nm; oscillator strength = 0.16 69B002 

tTriplet ET from TMPD; E relative to TMPD in cy- 757282 
clohexane (ES70 = 11900 L mol-I em-I) 

fESR; u:scillatur :strength = 0.31 69B002 

fTriplct ET from phenanthrene; c relative to phen- 757282 
anthrene in cyclobexane (Em.s = 25200 L m01-1 em -I) 

737055 

E relative to naphthalene in cyclohexane (E413 = 24000 82E181 
L mol- i em-I), but in ref. cited (E415 = 24500 L mol-I 
em-I); triplet ET from tbioxanthone; 'TT = >2.0 J.I-S 

tPhosphoreseene lifetime; glass was 3:1 MeH to iso- 81E648 
pentane; shoulder at 378" nm; 'TT = 1.2 X 106 ,."s 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

Solvent Method Am •• , Em •• 

Inm IL mol-I cm- I 

9-Phenylproflavine, conjugate monoacid 
EtOH/EllO (90 K) PS/SD 1190,41000' 

690,8000' 
575, 15000" 
395, 12000' 
280,47500· 
240, 18000' 

9-Phenyl-9H -9-stibafluorene 
MCH/lsopentane (77 K) FP 378" 

I-Phenylthio-3,4-dihydronaphthalene 
MCH FP 550' 

430' 
MCH (110 K) FP 560" 

Pbeophytin a 
Benzene FP 480 
Benzene FP 500 

430 
EtOH (298 K) FP/SD 687",4700' 

667b
, 4700 ± 500 

5283
, 18100" 

407\ 62800' 
332-, 47100" 

Pyridine FP 430 

Pbeophytin b 
Benzene FP 510 

460 
430 

EtOH (298 K) FP/SD 667b, 4700 500 
481", 31400' 
423.., 71200' 

Pyridine FP 520 
460 
410 

Photoprotoporphyrin isomer "A", dimethyl ester 
Benzene LPITD 475b

, 35500 
471" 

420-
349 

Benzene PR/ET 475b
, 39200 

471" 

420' 
349 

PhotoprotolJOrphyrin isomer "B". dimetbyl ester 
Benzene PR/ET 477" 

475b, 37000 
411" 
349" 

Phthalazine 
I-BuOH/Isopentane FP/SD 420.5, 4450 ± 200 
(77 K) 
Benzene FP 396" 
EPA (77 K) FP 403" 
Et20 FP 387· 
EtOH FP 385a 

EtOHI Acetk acid PI' 387" 
Hexane FP 3893 

Comment Ref. 

Solvent was 2: 1 EtOH to Et20 57BOOI 

iPhosphoreseene lifetime; glass was 3:1 MCH to iso- 81E648 
pentane; 'TT = 1.2 X 104 

,""S 

tOxygen quenching; 'TT = 0.46 ,""S 78A237 

tOxygen quenching; 'TT = 2.0 X 103 
,""S 78A237 

55EOO3 
430 nm band was judged to be of "doubtful signifi- 58ROO2 
canee" by the experimenters; benzene was wet 
'TT = 750 ± 100 ILs 70E296 

Maximum was judged to be of "doubtful significance" 58R002 
by the experimenters 

430 nm maximum was judged to be of "doubtful sig- 58R002 
nificance" by the experimenters; 460 nm was the most 
intense peak; benzene was wet 
Shoulders at 508 nm and 662 nm; TT 1050 ± 100 J,tS 10E296 

Maxima at 410 and 520 nm were judged to be of 58ROO2 
"doubtful significance" by the experimenters 

lOxygen quenching (2.3 X 109 L mol-I S-I); relative 80E200 
illltml>ilit:l> (8:4:5); TT = 83 JoA-l> 

tOxygen quenching (2.6 X 109 L mo}-I s -I); E relative 80E200 
to biphenyl in benzene (e<:lOO = 27100 L mol-I em-I); 

relative intensities (8:4:5); 'TT 83 ,""S 

tOxygen quenching (2.1 X 109 L mol -I S-I); E relative 80E200 
to biphenyl in benzene (E360 = 27100 L mol-I em-I); 
peaks roughly of equal intensity; 'TT 89 tJ-s 

Glass was 3:1 I~BuOH to isopentane; oscillator 726177 
strength = 0.11 

tPhosphorescence decay 
Shoulder at 423" nm 
Shoulder at 425" nm 

Shoulder at 427" nrn 

747093 
747093 
747093 
747093 
747093 
747093 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 



152 I. CARMICHAEL AND G. L. HUG 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "'max, Emax 

/nm /L mol-I cm- I 

906. Phthalol"yaninatobis(pyrirtinf»rnthf'ninm(ll) 

Methylene chloride LP - 500 

907. Phthalocyanine 
l-Chloronaphthalene 

l-Chloronaphthalene 
I-Chloronaphthalene 

l-Chloronaphthalene 
l-Chloronaphthalene 

908. lS·cis·Phytoene 
Cyclohexane 

909. all-trans·Phytoene 
Cyclohexane 

910. Picene 
2-MTHF (17 K) 

Benzene 
Benzene 

EPA (77 K) 
EPA (77 K) 

EPA (77 K) 

EtOH (77 K) 
Toluene (77 K) 

911. 2·Piperidinoanthraquinone 

LPITD 

PRIET 
LP/SD 

LPITD 
LP/SM 

LP-ETIET 

LP-ETIET 

PS/ESR 

MOD 
LP 

PS/SD 
PS/KM 

PS/IV 

MOD 
MOD 

Benzene PRIET 

912. Pivalophenone 
2-PrOH 

Benzene 

LP 

LP 
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480, 28500 ± 2000 

480, 36000 
480,38300 

480,37000 ± 4000 
480, 18000 ± 2000 

320, -20000 

320, -20000 

636,75500 
5758

, 201008 

535&, 11000" 
467&,5300a 
560 
685 
667 
654 
629 
571 
552 
535 
515 
493 
452 
630, 62000 ± 6200 
6238

, 21300a 
5758,7200a 
5338

, 3700a 

620, 23000 

622 
631 

500a 
45Q8 
400& 

360 
500a 
450a 

400a 
335 

Comment Ret 

82C01S 

tTriplet ET to {3-carotenej authors prefer this value to 7SA37S 
those obtained by either SD or ET methods; TT = 130 
± 10 J.Ls; ET 120 ± 10 kJ mol-I; ke, 1.25 X 109 

L mol-I 8- 1 

~Authors reject this t: value;: sim;e;: :rc:siuual triplc:t and 

excited singlet absorptions are neglected 
E method inferred from text 
iTriplet ET to /3-carotene; TT = 125 J.Ls 

7SA37S 
78A378 

SIE457 
81E457 

tTriplet ET from fluorenone; E relative to fluorenone 761035 
(E4IS 5500 L mol-I em-I), no solvent specified for 
this unpublished relative reference; 1'T = - I JLs; ET = 
176-201 kJ mol-'j ket = -1 X 1010 L mol-I S-I 

iTriplet ET from naphthalene; E relative to naph- 761035 
thalene in cyclohexane (Em = 24500 L mol-I em-I); 
TT = -1 J.Ls; ET = 176-201 kJ mol-I; ke' = -1 X 1010 

L mol- I S-I 

*ESR; the band was assigned as 3AI +- 3Bz; oscillator 68D211 
strength = 0.40 

TT = 160 fLs 
Delay 370 ns 

7lE361 
737463 

68E105 
Solvent, temperature and extinction method assumed 69E213 
from earlier work; polarization also measured 

A.max assumed from previous work; E estimated by ex- 69E212 
trapolation to infinite excitation rate 
Halfwidth 570 cm- I 

Halfwidth 570 cm- I 

777538 
777538 

*Triplet ET from triplet donors and triplet ET to trip- 720392 
let acceptors; E relative to naphthalene in benzene (Em 
= 13200 L mol- ' em-I); 7T = -20 fLs 

tTriplet ET to naphthalene; relative intensities 79P066 
(1:2:3:5); maxima inferred from text; TT = 0.5 f.LS 

tTriplet ET to naphthalene; relative intensities 79P066 
(1:2:3:5); TT = 0.37 ± 0.03 fLs; ket = (2.0 ± 0.4) X 109 

L mol-
' 

S-I 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , €m"x Comment Ref. 
Inm IL mol-I cm- I 

913. Poly[ oxy[2-(1-pyrenylmethyl)-1,3-propanediyl]oxy(1,4-dioxo-l,4-butanediyl)] 
DMF LP 425" lRises with fluorescence decay, oxygen quenching 80B076 

914. Poly[ oxy[2-(1-pyrenylmetbyl)-1,3-propanediyl]oxy(1,4-dioxo-l,4-butanediyl)]/l,4-Dicyanobenzene 
DMF LP 425" lRises with fluorescence decay, oxygen quenching 80B076 

915. Poly[ oxy[2-(1-pyrenylmethyl)-1,3-propanediyl]oxy(1,4-dioxo-l,6-hexanediyl)] 
DMF LP 430" lRises with fluorescence decay, oxygen quenching 80B076 

916. Poly[ oxy[2-(1-pyrenylmetbyl)-1,3-propanediyl]oxy(1,4-dioxo-l,6-hexanediyI)Vl,4-Dicyanobenzene 
DMF LP 435" lRises with fluorescence decay, oxygen quenching 80B076 

917. Poly(pbenylisopropenyl ketone) 
Benzene LP 

918. Poly(4-vlnylbenzopbenone) 
Benzene LP 

919. Poly(2-vinylnapbthalene) 
Benzene PR/ET 

Benzene PR/ET 

Benzene PR/ET 

Benzene PR/ET 

920. 21H ,23H -Porphine 
Dimethyl phthalate FP/SD 

921. Proflavine 
EtOH FP/SD 
Water (296 K) FP/TD 

922. Proflavine, conjugate diacid 
SDS LP 

923. Proflavine, conjugate monoacid 
EtOH FP/TD 
EtOHlEhO (90 K) PS/SD 

450 

535 

426", 12000 

426",14000 

426", 11000 

426", 11000 

752",4890" 
4198

, 98600" 
384", 35400" 

550,·11000 
549, 8000 ± 800 

1160 
560 

455,6000 
1100, 63000" 
917", 12500" 
675, 1()()()()& 
550, 12500" 
400,4000" 
350,6500" 
280,47000" 
235, 11000' 
210, 10000" 

lTriplet ET to naphthalene, oxygen quenching (6 X 79P066 
108 L mol-' s-'); TT = 0.1 IJ.s; ket (1.5 ± 1) X 109 L 
mol-I S-I 

TT = 2.27 IJ.s 79A171 

fTriplet ET from biphenyl; c relative to biphenyl in 79E666 

benzene (E367 = 27100 L mol-I cm- I); degree of poly
merization = 318 (monomer units); TT = 13.2 /-Ls; ke' = 
1.8 X lOB L mo)-I S-I 

lTriplet ET from biphenyl; € relative to biphenyl in 79E666 
benzene (E367 = 27100 L mol-I em-I); degree of poly
merization = 2690 (monomer units); l'T = 10.6 /J.S; ke, 
= 0.8 X lOB L mol-I s-I 
tTriplet ET from biphenyl; € relative to biphenyl in 79E666 
benzene (€367 = 27100 L mol-I em-I); degree of poly
merization = 688 (monomer units); TT = 12.2 /-Ls; ke' = 
1.4 X lOB L mol-I S-I 
tTriplet ET from biphenyl; € relative to biphenyl in 79E666 
benzene (€367 = 27100 L mol-I em-I); degree of poly
merization = 109 (monomer units); TT = 9.7 /-Ls; ke, = 
3.4 X 108 L mol-I S-I 

Shoulders at 795 nm and 440 nm 

pH Basic 

74B007 

716235 
81El47 

tOxygen quenching; 1 /-Ls delay; aqueous micelle: pKa 80N112 
4.0; cation radical (Amax 820 nm) also formed; TT = 

7 SLS: pH 3 

pH Acidic 
Solvent was 2: 1 EtOH to EhO 

727073 
57BOOl 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amu , Emax Comment Ref. 
Inm IL mol-I cm- I 

Glycerol (293 K) FP 650" Solvent has added glucose 776171 
600" 
540a 

SDS LP 1080 I ,",S delay; aqueous micelle; 'TT = ~35 ,",s; pH S.l 80N1l2 
Water FP/SD 560 ~Oxygen quenching; decay was second order with 2k 677029 

445b
, < 10000 - 109 L mol-I S-I; pH 4 

350 
Water (296 K) FP/TD 549,5700 Light saturation; pH 4.1 SOB057 
Water LP 1160 ~Oxygen quenching; radical dication (Arna. = 810 nm) BOF373 

930 also observed; TT = 20 J.LS; pH 3.0 
670 
550 

924. Promazine 
2-PrOH LP 465 tTriplet ET to J3-carotene, oxygen quenching; 'TT = 767023 

22.8,",s 

925. 9·Propionylanthracene 
EPA (77 K) FP 430 TT = 3.21 X 104 ,",S 82E338 

926. Propiophenone 
2-PrOH LP 325 84E018 
AcetonitrilelW ater LP 325 Solvent was 9: 1 acetonitrile to water 84E018 
Benzene LP 418" Much more intense peak below 300 nm; shoulder at 84E018 

457a nm 

927. N ·Propylphthalimide 
EtOH FP 590" tOxygen quenching (3.5 X 109 L mol-I S-I), diene 79A147 

350" quenching; loo ns delay; relative intensities (1:5); 'TT = 

401J-S 

928. 1.Propynylbenzene 
Isopentane/2-PrOH PS 2558 ~ESR; glass was 7:3 isopentane to 2-propanol by vol- 68B007 
(77 K) ume: by assumin,e that radical formation occurs only 

from T* and that it is wavelength-independent, the 
author devises an ESR method that determines the 
sh~pe of IT A even in the SO region 

929. Protoporphyrin 
MeOH FP 530 Maximum at 530 nm was judged to be of "doubtful 58R002 

440 significance" by the experimenters 
Pyridine FP 420 S8R002 

350 

930. Protoporphyrin IX 
Dioxane LP 7428 tTriplet quenching by cis'-piperylene; oxygen quench- 747630 

tng (1.6 X 109 L mol··' s I); TI'A of globin complcxcli 
also studied 

Water LP 500" ~Oxygen quenching (1.6 X 109 L mol-I S-I); differ- 78EOll 
450" ence spectrum only reported; 'TT = -150 ,",s; pH 0 

931. Protoporphyrin IXt dimethyl ester 
Benzene PR/ET 71Oa, 9000" tTriplet ET from biphenyl and to J3-carotene, oxygen 771078 

quenching (2.7 X to9 L mol-I S-I); E relative to bi-
phenyl in benzene (",GO = 27100 L mo)-I em-I); morE'! 
intense peak below 450 nm; ET 150 kJ mol-I 

Benzene LP/TD 450b
, 35000 ± 1500 tFirst order decay, oxygen quenching (1.5 X 109 L 80B017 

425 mol-I S-I); 'TT = 550,",s 
320 

932. Protoporphyrin IX, dimethyl ester, conjugate diacid 
BenzenelTrifluoroacetic LP ITO 560 ~Triplet ET to J3-carotene, oxygen quenching (4 X 109 80BOl7 
acid 470b

, 32000 ± 1500 
415 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Ema• 

Inm IL mol- I cm- I 

933. Protoporphyrin IX, dimethyl ester, conjugate monoacid 
MeOH/Acetic acid FP/TD 450b

, 27500 ± 1500 

934. P30rAlcn 

Benzene 

Benzene 
EtOH 

Water 
Water 

PR/ET 

LP 
LP/ET 

LP 
LP/TD 

935. 4' ,5' -Psoralen-tbymine pboto adduct 
MeOH LP/ET 

Hater 

936. Purine 
Acetonitrile 

Water 

Water (77 K) 

937. Pyrantbrene 
Benzonitrile 

Toluene 

938. Pyrazine 

LP 

FP 

FP 

PS/KM 

LP/RF 

LP/ET 

MeOH/EtOH (- 100 K) FP/? 

Water LP/HAT 

Water (298 K) LP/HAT 

939. Pyrene 
3-MP (77 K) PS 

Acetonitrile FP 

450" 
440,30100 

450" 
460, 10000 

500, 8500 

500" 

410" 
380" 
390 
360 
300 
455a 

412a 

390,4100 
380' 

591" 
SOla, 8000 ± 500 
584a 

500", 14000 ± 1500 

820",5000' 
260,1000' 

810, 1000 ± 200 
700, 1100 ± 200 
- 260, 4900 ± 1500 
230, 3500 ± 1100 

810, 1000 
700, 1100 

-260,4900 
230,3500 

518 
487a 

455" 
411" 
387a 

412 

Comment Ref. 

tFirst order decay, oxygen quenching; solvent was 1:1 80B0l7 
MeOH to acetic acid by volume; TT = 110,""s 

tTriplet ET to ~-carotene; E relative to biphenyl in 78El57 
benzene (E367 = 27100 L mol- I em-I); ket = 5.0 X 109 

L mol- l S-I 

tTriplet ET to retinol; E relative to retinol in hexane 
(E40S = 80000 L mol- I em-I) assuming E independent 
of solvent; TT = 5 ,""S; ket = 1.1 X 109 L mol- t s - t 

TT = 7.1 J.LS 
tOxygen quenching; TT = 12 ,""s; pH 8 

78El57 
79E678 

78E157 
83B068 

tTriplet ET to all-frans-retinol; E relative to all-trans- 80A032 
retinol in hexane (E40S = 80000 L mol- I em-I), as-
sumed unchanged in MeOH; 100 ns delay; TT = 10.6 
,""s; k et = 2.2 X 109 L mol- I S-I 
100 ns delay; TT = 2.5 j.Ls SOA032 

tOxygen quenching; 20 ,""S delay 80B077 

tOxygen quenching; 20 ,""S delay; pH 5.9 80B077 

_Phosphorescence decay; TT = (3.6 ± 0.3) X 106 ,""s; 80B077 
pH Basi~ 

E relative to pyranthrene in toluene (Esoo = 14000 L 83F075 
mol- l em-I) 

E relative to anthracene in toluene (Em.s = 42000 L 83F075 
mol- I em-I) 

tphosphorescence decay; glass was 1:1 MeOH to 80BOli 
BtOH; shoulder at 300 nm assignment 3BJu -. 3B2g; TT 

= (11 ± I)X 103 ,""s 

Shoulders at -640 and -295 nm; E relative to the 747233 
neutral pyrazyl radical in water (E31O = 6700 L mol~l 
em -I), assuming that the quenching of the triplet by 
2-PrOH produced stoichiometric equivalents of the 
neutral pyrazyl radical and the dihydro radical cation 
of pyrazine; TT = 3.4 ,""s; pH 5.4 
tOxygen quenching; shoulders at -640 and -295 nm; 757309 
E relative to dihydropyrazyl radical cation in water 

(Em = 6900 L mol-I em-I), assuming H-abstraction 
from 2-PrOH was complete; N 20 was used to scav-
enge hydrated electrons; lifetime was measured at pH 
7.1 and was for infinite dilution; TT = 4.5 ,""s; pH 5.4 

The first band was assigned to one electronic transi- 70BOO4 
tion, the 2nd two bands to a forbidden transition, and 
last 2 bands were assigned to a 3rd transition; this 
assignment was questioned in [70E294] where 518, 487, 
& 455 nm were all assigned to a single electronic tran-
sition; assumed 77 K 
Pyrene radical cation (Amax = 445 nm) also present 767071 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol-I em-I 

Benzene PR/ET 420, 20900 E relative to benzophenone ketyl. radical in cy- 71E360 
clohexane (Emu = 3700 L mol- J em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben-
zene Emax ratios of 1.83 for naphthalene and 1.45 for 
anthracene 

Cyclohexane LP 510 tRise time of transient was the same as the decay time 68B006 
490 of the singlet 
415 

Cyclohexane LP 520 70E288 
483 
416 

Cyclohexane LP 525 Delay 1 ,...s; 415 nm was the most intense peak 707346 
480 
415 

Cyclohexane MOD 517 Relative intensities (26:18:100:75); TT = 180,...s 71E361 
508 
412 

409 
Cyclohexane PR/ET 412.5, 30400 E relative to benzophenone ketyl radical in cy- 71E360 

c10hexane (Em'" = 3700 L mol-I em-I); reference E 

obtained by starting from Emu = 3220 L mol-I em-I 
for this ketyl radical in water and assuming thefofthe 
ketyl radical is independent of solvent; final E obtained 
from a simultaneous least squares fit to data from 
several compounds 

Cyclohexane PR 515 720206 
490 
440 
410 
385 
365 

EPA (77 K) PS 525 Relative intensities (20:15:100:10); unresolved shoul- 548001 
489 der at 515 nm; TT = (7 ± 2) X 10' I-I-s 
415.5 
372 

EPA (77 K) PS/IV 415,48200 Amax assumed from previous work; E estimated by ex- 69E212 
trapolation to infinite excitation rate 

BPA (117 K) FP 520' *OAygell queu(,;hins; 412 lUll was the most intense peak 716243 

4798 

4128 

3898 

EtOH (293 K) FP 408 68E098 

EtOH LP 500" Relative intensities (1: 1 :5); 1.8 I-'s delay; solution con- 78E554 
450" tains Ag ions 
400" 

Hexane FP 520.0 54Eool 
411.0 
387.0 
369.0 

Hexane (300 K) MOD/SD 5228,6300" 69E208 
490",2100" 
410", 3440()& 
389a, 14500" 
360-,2170" 
333',3200" 
318a,39OO" 
290, 12000 
260, 14500 

Hexane MOD 5168 Shoulder at 4848 nm; 412 nm was the most intense 70E295 
5088 peak; TT = 180 tJ.s 
4128 

4098 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ama. , Emax Comment Ref. 
Inm IL mol-I cm- I 

Liquid paraffin FP 519.5 Solvent viscosity was 0.19 N,s/m2; the bands at 519.5 58EOOI 
483 and 483 nm belong to the 1st electronic transition, and 
416 the other 3 bands belong to the 2nd electronic transi-
396.5 tion; relative intensities (24: 19: 100:48:26) 
371.5 

MeOH LP 500" Delay 1 JLS 707346 
414" 
371" 

PMMA CWL/RF 971, -100 E relative to pyrene in EPA (Em". = 48200 L mol-I 70E294 
901 em-I); four electronic transitions were assigned, and 
870 the 0-0 bands of these transitions are identified by their 
781 E; T I is JBi;., and the other states are JBjIg, J At, 3Blg, and 
741 3 Ai: in increasing energy; 'TT = 5 X lOs ,...s; oscillator 
613,900 strength = -10 3, -0.01,0.14,0.31 
562 
521, 12500 
485 
455 
413,48200 
392 
370 

PMMA I.P 510 70R28R 
483 
416 

PMMA PS 520a Relative intensities (7:5:21:10); polarization also mea- 78E152 
485a sured; phase sensitive detection 
410" 
390" 

Pyrene (425 K) LP 935 Liquid at 425 K; delay 350 ns; another maximum in 740 737101 
909 - 755 nm range 
870 
800 
709 
690 
671 
645 
613 
571 
559 
524 
461 

SDS LP 414 Aqueous micelle 82N081 
Toluene LP 529" Shoulder at 4gga nm; 421 nm was the more intense peak 717126 

421" 
Toluene LP 520 50 os delay 766528 

410 
Water LP 530" Soluhiti7.ed hy L5 X 10-5 mol T ,-I bovine senlm ~lbl1- 77~047 

480a min; oxygen quenching (1.3 X 108 L mol-I S-I); 1 J.LS 
415" delay 

Water LP 414 Solubilized by caffeine; 2 ,...S delay 81E149 
Waterltert-BuOH FP 410" Solvent mixture contains "1-5%" tert-BuOH for solu- 767189 

bility; pH -6 

940. Pyrene-dlo 
2-MTHF (77 K) PS/ESR 416,43600 ~ESR; shoulder at 408" nm; the band was assigned as 68D211 

394", 18100" 3B3g +- 3B2u; oscillator strength = 0.21 
PMMA (77 K) PS/SD 415", 38600" 'TT = 3.7 X 106 ,""s 696019 

391", 20000" 
PMMA (296 K) PS/SD 415", 39800" 'TT = 2.4 X 106 

,""S 696019 
391", 18700" 

941. Pyrene/Chloranil 
Liquid paraffin MOD 405 Mull 71E361 
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I "1 I I ;'1",,'11 ,Ii 1'",a"lCj(·I~ 101 lriplet·triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

942. Pyrene/Diethylaniline 
Toluene 

Method 

LP 

943. Pyrene/Tetracyanobenzene, 1:1 
EPA (95 K) FP 

944. Pyrene/Tetracyanobenzene,2:1 
EPA (117 K) FP 

945. 1-Pyrenecarboxaldehyde 
2-PrOH (295 K) LP/SD 
AI,;t:luuitlilt:: (29.5 K) LP/SD 
Acetone (295 K) LP/SD 
Benzene (295 K) LP/SD&PR/ 

ET 
CC14 (295 K) LP/SD 
CF3CH20H (295 K) LP/SD 
Cyc10hexane (295 K) LP/SD&TD 
Cyclohexene (295 K) LP/SD 
EtOH (295 K) LP/SD 
Ethylene glycol (295 K) LP/SD 
Hexane-di4 (295 K) LP 
MeOH (295 K) LP/SD 
MeOH/Water (295 K) LP/SD 
THF (295 K) LP/SD 

946. Pyrene-l-sulfonate 
Water LP 

947. Pyrene-3-sulfonate 
Benzene/DDDAB MOD 

Water MOD 

948. [2.2](2,7)-Pyrenophane 
2-MTHF (77 K) LP 

949. 2-(1-Pyrenylmethyl)-1,3-propandiol diacetate 

Ama1. , f maA 

Inm /L mol-I cm- i 

500 

513a 

480' 

427-
404-
394a 

383-

435" 
415' 
400' 

440 ± 3, 18100 ± 1800 
438 ± 3, 18700 :!: 1900 
440 ± 3, 20100c 2000 
443 ± 3, 21000C ± 2100 

443 3, 18800 ± 1900 

438 3, 16900c ± 1700 
440 ± 3, 18900 ± 1900 
440 ± 3, 17700 1800 
440 ± 3, 18200 ± 1800 
440 ± 3, 18100 ± 1800 
428 ± 3 
437 ± 3, 18300 ± 1800 
443 ± 3, 18500 ± 1900 
440 ± 3, 19100 ± 1900 

520 
420 

525 
491 
429 
422 

625 
480 
380 

DMF LP 41Sa 

950. 2-(1-Pyrenylmethyl)-1,3-propandiol diacetate/l,4-Dicyanobenzene 
DMF LP 420 

951. pyrido[2,1,6-de )quinolizine 
Hexane FP 380 

952. Pyrimidine 
Water (298 K) LP/HAT 
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Comment Ref. 

50 ns delay; possible triplet exciplex; 'TT 0.107 /-ks 766528 

tOxygen quenching and an accompaning phos- 716243 
phorescence; 404 nm was the most intense peak 

tOxygen quenching and an accompanying phos- 716243 
phorescence; 415 nm was the most intense peak 

'TT = 37 I-Ls 83E387 
'TT 30 I-Ls 83E387 
'TT = 20 I-Ls 83E387 
In ET method E relative to biphenyl in benzene (E361 = 83E387 
42800 L mol- i em-i); TT = 35 I-Ls 
TT - 19 IA-s 83E3S7 

'TT = 58/-ks 83E387 
TT 50 I-Ls 83B387 
'TT 70 I-Ls 83B387 
'TT 38 ,Us 83E387 
TT = 300 /-Ls 83E387 
TT = 34,Us 83E387 
TT = 26 I-Ls 83E387 
Solvent was 1:1 MeOH to water; 'TT = 107/-Ls 83E387 
TT 59 ILs 83E387 

Delay 1 I-Ls 84E533 

Inverse micelle; relative intensities (3:2:5); TT = 3000 79N036 
J.l,S 

Principal maximum only reported 79N036 

79B050 

tRises with fluorescence decay, oxygen quenching 80B076 

tRises with fluorescence decay, oxygen quenching; 80B076 
pyrene radical cation also observed (460 om) 

tGround state recovery, molecular orbital calcu- 80E405 
lations; solvent uncertain; "cyc![3.3.3]I1z.im::··; TT = 
-0.1 /-ks; ET = -90 kJ mol-I 

lOxygen quenching; E relative to dihydropyrazyl radi- 757309 
cal cation in water (Em = 6900 L mol-I em-i), as-
suming H-abstraction from 2-PrOH was complete; 
N20 and tert-BuOH were present as scavengers; life-
time was for infinite dilution; TT = 1.4 I-Ls; pH 7.1 



TRIPLET-TRIPLET ABSORPTION SPECTRA OF ORGANIC MOLECULES 159 

TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

953. Pyromellitic dianhydride 
CCl4 FP 

EtzO/lsopentane (77 K) FP 

954. Pyromellitic dianhydride/Et20 
Et20 FP 

955 Pyrnnine 

Water 

956. 4-Pyrrolidinopyridine 
EPA (77 K) 

957. Pyruvic acid 
Acetonitrile 

958. Quantacure SKS anion 
Water 

FP 

FP 

FP 

LP 

Amax , f max 

Inm /L mol-I cm- I 

560' 
335" 
4968 

561 8 

529-

4828 

510 

695" 

631" 
4773 

959. [1,1' :4' ,I' ':4' , ,I' , '-Quaterphenyl]-4,4' , '-diamine 
2-MTHF (77 K) CWL 650 

960. p-Quaterphenyl 
2-MTRF (77 K) 
BuOR (-80 K) 

Toluene/EtOH (77 K) 

961. Quinoline 
I-BuOH/Isopentane 
(77 K) 

3-MP (77 K) 

EPA (77 K) 

EtOH (77 K) 

IsopentaoelMCH (77 K) 

CWL 
FP 

MOD 

FP/SD 

MOD/SD 

PS 

MOD/KM 

PS 

Water FP 

962. Quinoline, conjugate acid 
Water FP 

963. Quinoxaline 
1-BuOH/Isopentane 
(77 K) 

FP/SD 

530 
525-
4953 

563" 
3958 

458",2700-
4258,7000a 

400.0, 7100 ± 700 
4858 

455' 
422" 
398,6000 
238,25000 
487 
458 
427 
402 
425,6500 ± 1600 

526 
485 
450 
420 
395 
418 

465 

425.0, 8100 ± 800 

Comment Ref. 

tOxygen and piperylene quenching; 335 nm peak more 737098 
intense; shoulder at 530" nm; delay 10 ILs; "PMDA" 
tPhosphorescence decay; glass was 1:1 EtzO to iso- 747587 
pcnt.mc; ~houldcr or mAximum at ~ 350 om; TI - 6.7 

X lOs ILs 

tOxygen and piperylene quenching; there was a max- 737098 
imum or shoulder near 340 nm; delay 10 I-'-s; 
"PMDA"-Et20 complex 

pH 7 747229 

tPhosphorescence decay; TT = 1.1 X 106 J,Ls 83B112 

tTriplet ET to naphthalene, oxygen quenching; TT = 81F070 
0.5 ILs 

,Oxygen quenching; 447 nm peak was the more in- 82P060 
tense; anion of sodium (4-sulfomethylphenyl)
phenylethanedione salt; TT = 0.50 ± 0.02 IJ-s; pH 6 

Shoulder at 498" nm 
Relative intensities (5:2) 

74B003 

74BOO3 
67BOlO 

Glass was 19:1 toluene to EtOH; 563 om peak was the 719059 
more intense 

Glass was 3:7 I-BuOH to isopentane; shoulder at 3848 707240 
nm; oscillator strength = 0.13 

Shoulder at 3828 nm 73B001 

Relative intensities (40:59:98:100); unresolved shoul- 54BOOI 
ders at 475 nrn and 380 nm; TT = (5 ± 2) X lOs fLs 

737055 

Relative intensities (4:22:42:97:100); unresolved shoul- 54BOOI 
der at 373 nm 

pH Basic 61E008 

pK8 = 6.0; pH Acidic 61EOO8 

Glass was 3:7 1-BuOH to isopentane; oscillator 707240 
strength = 0.15 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax, Emax Comment Ref. 
/nm /L mol-I cm- I 

3-MP (77 K) PS 414 67E106 
EPA (77 K) PS 417 67EI06 
EtOH/MeOH (113 K) FP/TD 410, >2500 Solvent was 3:1 EtOH to MeOH; lower limit assumes 67BOO4 

total ground state depletion 
Hexane LP 430 100 ps delay; rise time of 0.04 ns 79B007 
Isooctane LP 425 130 ps delay, at earlier times overlapping Sn +- SI 79B076 

absorption 
PMMA (293 K) FP -415 Decay was nonexponential, and lifetime was calcu- 70E291 

lated from a terminal 1st-order rate constant; TT = - 5 
X 104 IJ.s 

Water (298 K) LP 432 tOxygen quenching; shoulder at -660 nm; a limit was 757309 
413 set on E413 as <: 7400 L mol-I cm-I, based on radical 
-270 formation; TT = 29.4 IJ.s; pH 7.1 

Water FP 426" pKb - 9.0 .L 0.7, pH 12.6 766206 
410" 

964. Quinoxaline·l,4-dioxide 
Watp.r FP 498· tTriplet ET from I,S-naphthalene disulfonate and to 83F096 

469a Methylene Blue; shoulder at 429a nm; TT = 77 ,",s; pH 
Neutral 

965. Retinal 
Toluene (299 K) FP 450 Whether isomer was all-trans or II-cis was not speci- 62E006 

fled; TT = 13 ,",S 

966. ll·cis· Retinal 
Benzene LP-ET 455 Triplet ET from anthracene; ket = 2.0 X 1010 L mol-I 777434 

S-I 

Benzene LP 455 TT = 8.70 IJ.s 777434 
DMSO LP/RF 480,27000 *Triplet ET to J3-carotene; E determined assuming os- 78E467 

cillator strength independent of solvent, bands are 
symmetrical (in energy) and relative to measured value 
(unstated) in hexane 

EPA (77 K) LP 445 TT = 41.3 ± 1.7 IJ.s 79B077 
Hexane PR/ET 450,75000 E relative to biphenyl in cyclohexane (E36S = 42800 L 741013 

mol-I cm-I, note literature value at 361.3 nm); TT = 
8.3 ± 0.7 IJ.s 

Hexane LP/ET 445, 57000 ± 14000 E relative to biphenyl in cyclohexane (E361 = 42800 L 747633 
mol-I cm-I); original reference quoted (440 ± 5) nm 
as Am ... stated Am.x from (78Z194]; TT = 8.3 ± 0.7 IJ.s 

Hexane PR/ET 445,62000 ± 6000 E relative to biphenyl in cyclohexane (E361 = 42800 L 747633 
mol-I cm-I); original reference quoted (440 ± 5) nm 
as A .... A> stated A ....... from [78Z194]; 'TT = 8.3 ± 0.7 f-ls 

Hexane LP/SD 445,50000' E relative to anthracene in cyclohexane (E.m = 64700 L 78E208 
mol-I cm-I) 

MeOH LP/RF 450,27000 tTriplet ET to J3-carotene; E determined assuming os- 78E467 
cillator stren~th independent of solvent. bands are 
symmetrical (in energy) and relative to measured value 
(unstated) in hexane 

967. 13·cis-Retinal 
EPA (77 K) LP 465 TT = 48.3 ± 2.8 ,",S 79B077 
Hexane PR/ET 445 ± 5, 56000 ± 6000 E relative to biphenyl in cyclohexane (E361 = 42800 L 747633 

mol-I cm-I); TT = 8.3 ± 0.7 ,",S 

Hexane LP/ET 445 ± 5, 44000 ± 11000 E relative to biphenyl in cyclohexane (E361 == 42800 L 747633 
mol-I cm-I); TT = 8.3 ± 0.7 /J.S 

Hexane PR/ET 445,68000 ± 10200 *Triplet ET from biphenyl; E relative to biphenyl in 776412 
cyclohexane (E361 = 42800 L mol- l em-I), assuming 
authors used standard for cyclohexane; TT = 9.1 ± 0.9 
,",8; ke, = (2.0 ± 0.20) X 1010 L mo]-I S-I 

MeOH LP/RF 450,24300 *Triplet ET to J3-carotene; E determined assuming os- 78E467 
cillator strength independent of solvent, bands are 
symmetrical (in energy) and relative to measured value 
(unstated) in hexane 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emu Comment Ref. 
/nm /L mol-I em-I 

968. 7,9-cis -Retinal 
Benzene LP-ET 455 Triplet ET from anthracene; kel = 2.8 X 1010 L mol-I 777434 

S- I 

Benzene LP 455 'TT = 8.47 fLs 777434 

969. 7 -cis -Retinal 
Benzene LP-ET 455 Triplet ET from anthracene; k.t = 2.0 X 1010 L mol-I 777434 

S- I 

Benzene LP 455 TT = 8.70 fLs 777434 
EPA (77 K) LP 455 Deeay wavelength dependent; lifetime measured at 79B077 

425 455 nm; 'TT = 44.2 ± 0.6 fLs 

970. I)-cis-Retinal 
EPA (77 K) LP 465 Couccutcatioll uuspccified; ·/T = 58.8 J.. 2.4 ,..,5 79B077 

Hexane LP/ET 445 ± 5,63000 ± 15000 E relative to biphenyl in cyc10hexane (E361 = 42800 L 747633 
mol-I cm- I); 'TT = 8.3 ± 0.7 fLS 

Hexane PR/ET 445 ± 5, 56000 ± 6000 E relative to biphenyl in cycJohexane (E361 = 42800 L 747633 
mol-I em-I); 'TT - 8.3 ± 0.7 ,","S 

MeOH LP/RF 460,24300 tTriplet ET to fi-carotene; E determined assuming os- 78E467 
cillator strength independent of solvent, bands are 
symmetrical (in energy) and relative to measured value 
(unstated) in hexane; 'TT = -0.17 J.l.S 

971. all-Irans-Retinal/(CFJ)2CHOH 
Cyclohexane LP 475 'TT = 11.1 fLs 82A288 

972. all-Irons-Retinal 
Acetonitrile LP/RF 470,67000 E relative to retinal in hexane (E445 = 78000 L mol-I 79E546 

cm -I) assuming oscillator strength independent of sol-
vent; 'TT = 12.0 fLs 

Acetonitrile LP/SD 470,59000 E is upper limit; TT = 12.0 fLs 79E546 
Benzene LP 455 'TT = 9.09 fLs 777434 
Benzene LP-ET 455 Triplet ET from anthracene; k.t = 3.0 X 1010 L mol- I 777434 

S-I 

Benzene PR/RF 460,62000 E relative to retinal in hexane (E445 = 78000 L mol- I 79E546 
cm -I) assuming oscillator strength independent of sol-
vent; 'TT = 9.1 fLs 

Benzene PR/ET 460,67000 E relative to biphenyl in benzene (EJ67.5 = 27100 L 79E546 
mol-I em-I); 'TT = 9.1 fLS 

Benzene PR 460 tTriplet ET from naphthalene; 'TT = 8.62 fLs; kc• = 5.5 81B008 
X 109 L mol-I S-I 

Cyclohexane LP 445 'TT = 9.3 fLs 82A288 
DFMeOH LP-ET 550 tTriplet ET from anthracene; 'TT = 24.2 fLs 82A288 
EPA (17 K.) LP 465 'TT 41.0 ± 3.2 fLS 79B077 
Hexane PR/ET 450, 74000 tTriplet ET to /l-carotene; E relative to biphenyl in 733002 

cyclohexane (E361.J = 42800 L mol-I em-I), assuming 
no solvent effect on biphenyl 

HC::lUlm:: PRIET 44!5 ::t: " 78000 ::t: 8000 E relative to biphenyl in cyclohexane (E36J = 42800 L 747633 
mol-I em-I); 'TT 8.3 ± 0.7 JA-s 

Hexane PR-ET/ET 450,75000 E relative to biphenyl in cyc10hexane (E365 = 42800 L 741013 
mol-I em-I, note literature value at 361.3 nm); TT = 
8.3 ± 0.7 ,..,5; k.t - (3 ± 1) x 1010 L 0101- 1 5- 1 

Hexane LP/ET 445 ± 5, 69000 ± 17000 E relative to biphenyl in cyclohexane (E361 = 42800 L 747633 
mol-I em-I); 'TT = 8.3 ± 0.7 fLs 

Hexane PR/ET 445, 114000c ± 17100 tTriplet ET from biphenyl; E relative to biphenyl in 776412 
cyc10hexane (E36J = 42800 L mol- J em-I), assuming 
authors used standard for cyclohexane; 'TT = 9.1 ± 0.9 
fLs; k. t = (2.0 ± 0.20) X 1010 L mol-I S-I 

Hexane LP/SD 445, 70000 ± 7000 E relative to anthracene in cyclohexane (Em = 64700 L 78E208 
mol- I em-I) 

MCH FP 440 tOxygen quenching; half-life = 9.9 fLs 59E006 
MCH FP/? 450,75800 Lifetime measurement was made at 293 K with retinal 62E007 

concentration 2.18 X 10-5 mol L -I; 'TT = 11 ILs 
MCH (296 K) LP/SD 448, 76000 tOxygen quenching and triplet ET to /l-carotene; 'TT 747334 

= 11 JA-s 
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TABU. (). Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

FP/? 

MeOH (296 K) LP/SD 

MeOH LP/RF 

THF FP/? 

973. all-trans-Retinoic acid 
Hexane PR/ET 

MeOH LP 

974. all-trans-Retinol 
Cyclohc]I;ane LP 

Hexane (298 K) FP-ET 

Hexane PR/ET 

Hexane LP/ET 

Hexane PR/ET 

975. Retinyl acetate 
Hexane LP/ET 

Hexane PR/ET 

Hexane PR/ET 

MeOH LP 

976. N -ll-c;s-Retinylidene-n ·butylamine 
Hexane LP-ET/ET 

977. N .13-c;s-Retinylidene-n -butylamine 
Hexane LP-ET 

978. N -9-cis -Retinylidene-n ·butylamine 
Hexane LP-ET 

979. N -aI/-trans -Retinylidene-n -butylamine 
Hexane LP-ET lET 

Hexane PR/ET 

MeR (296 K) LP/SD 
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C::max Amax , 
Inm IL mol-I cm- I 

465, l\7non 
450,68900 
480. 64000 
460, 74000 
460.38()()()c 

448.78600 

440,73000 

440 

405 

400" 
3838 

405, 57500 ± 500 

405, 57500 ± 500 

405, 80000 ± 12000 

405,64000 ± 1000 

405,64000 ± 1000 

395,79000 

395 

-435,50000 

-440 

-435 

-435.5UUOU 

430, 158000 ± 23700 

435,45000 

Comment Ref. 

T .if",time ml"l'I'mrpml"nt WAS ml'ldl" M 293 K with retinA t t\?POO7 

concentration 2.30 X 10-5 mol L -I; TT 17 f.Ls 
tOxygen quenching and triplet ET to ~-carotene; TT 747334 
= 16/-Ls 
tTriplet ET to 8-carotene: E determined assuming os- 1SE467 
cillator strength independent of solvent, bands are 
symmetrical (in energy) and relative to measured value 
(unstated) in hexane 
Lifetime measurement was made at 293 K with retinal 62E007 
concentration 2.28 X 10-5 mol L -I; 7'T = 14/Ls 

E relative to biphenyl in cyclohexane (E361 = 42800 L 82A20S 
mol-I cm- I) 
fOxygen quenching; 7'T = 1.6 JLs 82A205 

*Tdplc::t ET flom biphcnyl a.nd oAygeu euha.nccmcnt 737185 
of triplet yields 
fTriplet ET from benz[a ]anthracene; delay 50 JLSj TT 69E217 

17 f.Ls; kct = 5 X 109 L mol-I S-I 
*Triplet ET from biphenyl; E relative to biphenyl (E,er 746499 
unstated); kel = 3 X 109 L mol-I S-I 
tTriplet ET from TMPD-biphenyl; E relative to bi- 746499 
phenyl (£ref unstated) 
tTriplet ET from biphenyl; £ relative to biphenyl in 776412 
cyclohexane (£361 = 42800 L mol-I em-I), assuming 
authors used standard for cyclohexane; TT = 15 ± 1.5 
/Ls; ket = (2.3 ±0.23) X 1010 L mol-I S-I 

tTriplet ET from TMPD-biphenyl; E relative to· bi- 746499 
phenyl (Eref unstated) 
tTriplet ET from biphenyl; E relative to biphenyl (Eref 746499 
unstated) 
E relative to biphenyl in cyc10hexane (C::361 = 42800 L 82A205 
mol-I em-I) 
tOxygen quenching (1.0 X 109 L mol-I S-l); TT 8.3 82A205 
p.s 

E relative to biphenyl in cyclohexane (E36I.3 = 42800 L 747189 
mol-I em-I); ET was from an exeiplex ofTMPD and 
biphenyl which decayed to triplet biphenyl 

ET was from an exciplex of TMPD and biphenyl 747189 
which decayed to triplet biphenyl; the maximum was 
determined by smoothing the literature data 

ET was from an exciplex of TMPD and biphenyl 747189 
which decayed to triplet biphenyl 

£ relative to biphenyl in cyclohexane (£361.3 =42800 L 747189 
mol-I cm -I); ET was from an exciplex of TMPD and 
biphenyl whieh decayed to triplet biphenyl 
tTriplet ET from biphenyl; E relative to biphenyl in 776412 
cyclohexane (E361 = 42800 L mol-I em-I), assuming 
authors used standard for cyclohexane; TT = 20 ± 2 
,...s; ket = (1.5 ± 0.15) X 1010 L mol-I S-I 
tOxygen quenching and triplet ET from triplet donor, 747334 
anthracene; TT = 17 /Ls 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Am .. , Em .. Comment Ref. 
/nm /L mol-I em-I 

980. N-ll-cis-Retinylidene-n-butylamine, conjugate acid 
EtOH LP-ET -550 tTriplet ET from phenanthrene; 550 nm was apparent 757090 

maximum in difference spectrum; 'TT = 50 J.Ls; pH Acidic 

981. N -all-trans-Retinylidene-n -butylamine, conjugate acid 
MCH/Trichloroacetic LP-ET/SD 570, 150000 tTriplet ET from anthracene; TT = 20 ,...s; k •• = 1.2 X 747334 
acid (296 K) 1010 L mo}-I S-I 

982. Rhodamine 110 
EtOH FP/SD 606", 11000" tTriplet ET from naphthalene; shoulder at 460" nm; 777316 

510, 15800 long-lived photoproduct also observed; E units uncer-
391", 8460' tain 

983. Rhodamine B 
I-PrOH FP/SD 1000 tTriplet ET to anthracene sulfonic acid and from 78A304 

640, 13000 naphthalene, oxygen quenching; 250 ,...S delay 
450 

EtOH FP/SD 560,23000 tTriplet ET from naphthalene; shoulder at 640" nm; 777316 
419", 12100" long-lived photoproduct also observed; E units uncer-

tain 
Water FP 4644 pH 7 74722':J 

Water FP/SD 1000 250 /-Ls delay; blue band decays with same lifetime as 777041 
640 others 
625\ 10000 
450 

Water FP 1000 tTriplet ET to anthracene sulfonic acid and from 78A304 
640 naphthalene, oxygen quenching; 250 ,...S delay; pH 7.0 
450 

984. Rhodamine 6G 
I-PrOH FP/SD 950 tTriplet ET to anthracene sulfonic acid and from 78A304 

630, 13000 naphthalene, oxygen quenching; 250 /-Ls delay 
415 

Bromoform FP 651" TT = 190,...s 72E277 
DMSO FP-ET 624" tTriplet ET from anthracene; shoulder at - 705" nm 72E277 
Deuterium oxide FP/SD 1120,42000 Shoulders at 578 and 308 nm 82BI06 

637,20000 
410,28000 
308,28000 

EtOH FP/ET 600, 18000 ± 3000 E relative to naphthalene in EtOH (Em = 40000 L 747050 
411", 18000" mol-I em-I); strong SD masked spectrum between 

490 and 550 nm; spectrum corrected for a photo-
product absorbing in 350 - 490 nm region; TT = 3400 ± 
120 p,s 

Glycerol (293 K) FP 1120 82BI06 
610 
415 

PMMA(200 K) FP 1100 tPhosphorescence decay 82BI06 
633 
415 

Water FP-ET 633" tTriplet ET from naphthalene; shoulder at _740" nm; 72E277 
TT = 770/-Ls 

Water FP/SD 950 250 /-Ls delay; blue band decays with same lifetime as 777041 
630 others 
596b, 8500 
415 

Water FP-ET 950 Triplet ET from naphthalene; no bands observed in the 78A304 
visible; pH 8.8 

Water FP 950 Maximum at 635 nm has apparent contribution from 79F576 
635 triplet of conjugate acid (authors) 
410 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

Water FP(SD 

985. Rhodamine 6G cation, conjugate monoacid 
Water FP 

Water 

986. Rhodamine 6G dimer 
BuOH/CCI4 

FP 

LPIET 

LP/ET 

987. Riboflavine, conjugate mODoacid 
Water LP/RA 

988. Rose Bengal 
AcetonitrilelW ater 
PrOH 

989. Rubrene 
Acetonitrile 

Benzene 

Benzene 

Benzene 
Benzene 

Hexane 
Hexane 

Toluene (295 K) 

990. Safranine cation 
Water 

LP 
FP 

FP-ET 

FP-ET 

FPIET 

PR-ET 
FP 

FP 
FP 

LP-ETIET 

FP/SD 

J. Phys. Chem. Ref. Data, Vol.1S, No.1, 1986 

"max, Ems. 

Inm IL mol- 1 cm- I 

631,20000 
410,24000 
308,28000 
256,42000 
227,44000 

950 
630 
415 
1000 
420 
355 
313 
260 

62oa, 165Doa 

65oa,1()()()()l' 

67oa,5000s 
4158

, 7900" 
350", 7000" 

820 
610a 
450a 

498· 
4738 

450" 
505 
472 
450b,3000 

-475 
496" 
467" 
4388 

413" 
487.6 
536 
S19 

418.5 
495, 26000 ± 2000 
468·, 19000" 
440". 15000" 
414", 1()()()()" 

420, 10000 

Comment Ref. 

Shoulders at '78 and 308 nm; pH 7 825106 

lTriplet ET to anthracene sulfonic acid and from 78A304 
naphthalene, oxygen quenching; 250 IJ-s delaY1 pK. = 
7.3; pH 7.0 
pH 1.5 82B106 

lTriplet ET to anthracene; dimer species; solvent was 75E530 
2:3 BuOH to carbon tetrachloride; E relative to anthra-
cene (Eref unstated) assuming unit transfer efficiency 
tTriplet ET to anthracene; aggregate species; solvent 75E530 
contains 0.1% BuOH; E relative to anthracene (Erer un-
stated) assuming unit transfer efficiency 

lifetime measured at 660 nm; E relative to anthracene in 777617 
cyclohexane (cI>T = 0.71. Em = 64700 L mol-1 cm- I) 
and using ct>T = 0.40 for riboflavine in water; shoulder 
around 300 nm; 'TT = 19 j.LS; pH 2.2 

Solvent was 3.5:1.5 acetonitrile to water; TT = 30 fLs 
Relative intensities (1:1); TT = 500 /JS 

84E216 
79E848 

lTriplet ET from biacetyl; delay SO ,....8; TT = .... 80 f.LS 68E 103 

tTriplet ET from benzophenone; 'TT = 100 ± 20/JS; 776262 
ET = 100 - 124 kJ mol-I 
tTriplet ET from benzophenone; Eref unstated; TT = 81E346 
11'5 ± 3 /JS; ET = 110 ± 2 kJ mol-I 
tTrlplet ET from biphenyl; TT = 109 IJ-s 83E223 
496 nm was the most intense peak 84F248 

54EOOl 
Relative intensities (58:100:25) 58EOOI 

lOxygen quenching, triplet ET from anthracene; E rel- 81E716 
ative to anthracene in benzene (E431 = 42000 L mol-I 
cm -I. assuming Em.. in toluene at 429 nm was the 
same); TT 140 ,...s; ke\ = (2.45 ± 0.3) X 109 L mol-I 
S-I 

t Oxygen quenching; unprotonated species; spectrum 8lB032 
between 500-600 nm uncharacterized; 'TT = S9 fLs; pH 
10.4 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Emax Comment Ref. 
Inm IL mol-I cm- I 

991. Safranine cation, conjugate diacid 
Water FP 698" tOxygen quenching; pH 3-5 677322 

657" 
384a 

Water FP/SD 660,21500 : Oxygen quenching; pKa = 7.5; spectrum between 81B032 
390, 17500 500-600 nm uncharacterized; 7'T = 280 ~s; pH 3.0 

992. Safranine cation, conjugate monoacid 
Water FP 377" tOxygen quenching and KI quenching; another max- 677322 

imum > 800 nm with a shoulder at 743· nm; 'TT = 67 
± 13 ~s; pH 7-9 

Water FP/SD >800 :Oxygen quencbing; pK. = 9.2; spectrum between 81B032 
800b

, 15500 500-600 nm uncharacterized; 7'T = 44 ~s; pH 8.3 

993. Selenine cation 
Water FP/SD 770", 17000' E assumes triplet does not absorb where singlet de- 767246 

690", 10500" pletion is followed; lifetimes measured in MeOH; TT = 
425", 12000" 21 ILs; pH 8.S 

994. Selenine cation, conjugate monoacid 
Water FP/SD 650", 15500' E assumes triplet does not absorb where singlet de- 761246 

385", 13500" pletion is followed; lifetimes measured in MeOH; pKa 
= 6.4 ± 0.2; 7'T = 0.39 ,...s; pH 4.6 

995. Selenopyronine 
Water FP 690 tTriplet ET to benzophenone; 7'T = 167 ,...s; pH 7.2 82E680 

480 
400 

996. all-Irans -Spberoidene 
Cyclohexane PRIET 510,309000 E relative to biphenyl in cyclohexane (E360 42800 L 83Bl21 

mol-I em-I); 'TT = S.S,...s; ke\ 8.96 X 109 L mol-I S-I 

997. all-Irans-Spberoidenone 
Cyclohexane PRIET 550,60600 E relative to biphenyl in cyc10hexane (E360 = 42800 L 83B121 

mol-I em-I); 7'T = 3.8 ,...s; ke\ = 3.22 X 1010 L mol-I 
S-I 

998. all-Irans-Spirilloxantkin 
Cyclohexane PR/ET 550,92000 E relative to biphenyl in cyc10hexane (E360 = 42800 L 83B121 

rt:lOI-1 em-I); 7'T = 3.7 ,...s; ket = 2.74 X 1010 L mo}-I 
S-l 

999. Spiro[9,10-dibydro-9-oxoanthracene-l0,2 ' ·5' ,6' -benzindan] 
Hexane LP 423 84E077 

1000. Stilbene 

Stilbene PR 450· Triplet exciton; shoulders at 500 nm and 630 nm 80E230 

1001. trans-Stilbene-2,2' -d2 

EPA (77 K) FP 380 Most intense peak at 380 nrn; 1"T - 2.2 X 104 1-1£ 707199 
360 
342 

1002. Irans-Stilbene-2.3.4,5.6-ds 
EPA (77 K) FP 380 Most intense peak at 380 nm; 7'T = 2.4 X 104 ,...s 707199 

360 
342 

1003. Irans-Stilbene-4,4' -dz 
EPA (77 K) FP 380 Most intense peak at 380 nm; 7'T = 2.2 X Ht J.ts 707199 

360 
344 
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TABU.: 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method A.ma, , €max Comment Ref. 
Inm IL mol- 1 cm- I 

1004. trans-Stilbene-7,7' -d2 

EPA (77 K) FP 380 Most intense peak at 380 nm; TT = 5.3 X 104 ,."s 707199 
360 
344 

lOO~. cis-Stilbene 
Benzene PR 360 ,Oxygen quenching 680379 
Cyclohexane PR 360 tOxygen quenching; 'TT = 17 ± 6 J.l.s 680379 
EtOH (108 K) LP 380 Triplet state absorption observed only after repetitive 79E640 

360 ( - 30) flashes 
342 

MCH/lsohexane (93 K) LP 380 Triplet state absorption observed only after repetitive 79E640 
360 (- 30) flashes 
341 

1006. trans -Stilbene 
Benzene PR 360 ,Oxygen quenching 680379 
Benzene PR 360 GE1F.O 2300 230 L mol-I cm- I I (100 eV ab- 720447 

sorbed); TT :;:: 0.11 ,.,,8 

Cyc10hexane FP 325 TT = 4 X 104 f.Ls 600062 
Cyclohexane PR 360 tOxygen quenching; TT = 14 ± 6 f.Ls 680379 
EPA (77 K) FP 379 379 nm was the most intense peak; TT = 2.2 X 104 f.LS 677485 

360 
343 

EPA (103 K) LP 381 Triplet absorption not observable above 107 K; life- 79E640 
362 time constant below 88 K; TT = 1.1 X 104 f.Ls 
344 

EtOH (98 K) LP 381 Relative intensities (3:2: 1); triplet absorption not ob- 79E640 
361 servable above 128 K; lifetime constant below 105 K; 
343 TT = 1.2 X 104 IJ-s 

Glycerol (235 K) LP 385 Triplet absorption not observable above 244 K; life- 79E640 
366 time constant below 200 K; TT = 104 f.Ls 
350 

Glycerol triacetate LP 380 Triplet absorption not observable above 235 K; life- 79E640 
(213 K) 360 time constant below 201 K.; 1'T ~ 104 ,...S 

340 
Isopentane/3-MP FP/IV 

'" 
378,34000 Glass was 6: 1 isopentane : 3-MP; TT = 5300 f.Ls 687111 

(77 K) 358 
341 

MCH/Isohexane (98 K) LP 380 Relative intensities (3:2: 1); triplet absorption not ob- 79E640 
360 servable above 109 K; reported lifetime constant be-
342 low 95 K; TT = 1.4 X 104 f.Ls 

1007. trans -Stilbene-d 12 

EPA (77 K) FP 379 Main peak at 379 nm; TT = 9.2 X 104 f.Ls 707199 
360 
341 

Isopentane/3-MP FP/IV 378, 28000 Glass was 6:1 isopentane to 3-MP; TT = 1.1 X 104 IJ-s 687111 
(77 K) 358 

341 

1008. Styrene 

Cyclohexane LP/RA-ET 325b
, 2200 E relative to naphthalene in cyclohexane (Em = 24000 82E181 

L mol-I em-I), but in ref. cited (Em = 24500 L mol-I 
em-I); triplet ET from thioxanthone; TT = -0.025 f.Ls 

1009. Sulfacetamide 
Water LP 450 tOxygen quenching and triplet ET to j3-carotene in 82AI38 

330 EtOH; spectrum obtained from composite spectra; TT 

= 0.5 ± 0.05 ,.,.s; pH 7.0 

1010. 4-Sulfomethylbenzophenone anion 
AOT IDecane/W ater- LP 535 Microemulsion 84NI25 
ICyclohexanol 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

1011. [1,1' :4' ,I' '-Terphenyl]-4,4' '-diamine 
2-MTHF (77 K) CWL 

1012. m-Terphenyl 
2-PrOH/lsooctane/
Et20 (81 K) 
BuOH (-80 K) 

BuOH (-80 K) 
EtOH/Et20 (77 K) 

PYA (81 K) 

FP 

FP/COM 

FP/IV 
MOD/KM 

FP 

Toluene/EtOH (77 K) MOD 

to 13. o-Terphenyl 
BuOH (-80 K) 

EuOH (-80 K) 
EtOH/Et20 (77 K) 

FP/COM 

FP/IV 
MOD/KM 

Toluene/EtOH (77 K) MOD 

1014. p-Terphenyl 
2-MTHF (77 K) 
2-PrO H/Isooctane/
Et20 (81 K) 
Alcohol/Ether (77 K) 
Benzene 

BuOH (-80 K) 

BuOH (-&0 K) 
EtOH/Et20 (77 K) 

Hexane (300 K) 
M CH/Isopentane 
(77 K) 
Polystyrene 

Toluene/EtOH (77 K) 

1015. p-Terphenyl·dI4 

3-MP (77 K) 

CWL 
FP 

MOD 
PR/ET 

FP/COM 

FP/IV 
MOD/KM 

MOD/SD 
PS 

PR 

MOD 

PS/ESR 

10 16. 4-(4-p -Terphenylylmethyl)benzophenone 
2-MTHF (77 K) PS/ESR 

Ama,. , cmax 

/nm /L mol-I cm- I 

560 

4043 

401,72d 

401,63d 

436,3900 ± 1200 

4123 

341" 
441" 
400' 
3643 

488,80d 

488, lOad 
390, <1000 

600" 
3983 

3533 

460 
459 

459 
46U, ~uuuu 

449, 4880d 

449,9920d 

460, 88000 ± 35000 

444.40000 
4553 

470 

467" 

461, 12900 

480n, 110000 ± 20000 

1017 2-«(1,1' !4', l' I -Terphenyl]-4.-ylmethyl)friphenylene 

2-MTHF (77 K) PS/ESR 471", 100000 ± 20000 

1018. Testosterone 
EtOH LP 

Comment Ref. 

74B003 

tPhosphorescence decay; glass was 1:3:3 2-PrOH to 8IB119 
isooctane to Et20 
E: estimated from numerical simulation of triplet state 67BOlO 
kinetics; TT = (4.65 ± 0.2) X 106 j.Ls 
E: estimated by extrapolation to infinite excitation rate 67BOlO 
Glass was 2:1 EtOH to Et20; temp.temperature was 719059 
not explicitly stated, but 77 K was inferred from the 
context 
tPhosphorescence decay 8IB119 

Glass was 19: 1 toluene to EtOH; most intense peak was 719059 
at 441 nm 

E: estimated from numerical simulation of triplet state 67BOlO 
kinetics; TT = (3.45 ± 0.1) X 106 ~s 
E: estimated by extrapolation to infinite excitation rate 67BOlO 
Glass was 2:1 EtOH to EhO; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 
Glass was 19:1 toluene to EtOH; most intense peak was 719059 
at 398 nm 

Shoulder at 413" nm 74B003 
tPhosphorescence decay; glass was 1:3:3 2-PrOH to 81B1l9 
isooctane to Et20; TT = 2.7 X 106 j.Ls 
Glass was 2: 1 alcohol to ether 76E682 
E: reiative to benzophenone ketyl radical in cy- 71E360 
clohexane (E:rna. = 3700 L mol-I em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben-
.z;CIlC Crnax ratio:> of 1.83 fOl- ui:1phthi1lcllc i1I1U l.4S [UI 

anthracene 
E: estimated from numerical simulation of triplet state 67BOlO 
kinetics; TT = (1.93 ± 0.06) X 106 j.LS 
c:: estimated by extrapolation to infinite excitntion rnte 67B010 

Glass was 2:1 EtOH to Et20; temperature was not 719059 
explicitly stated, but 77 K was inferred from the con-
text 
TT 450 ± 40 J.LS 69E208 
Glass was 4:1 MCH to isopentane; shoulder at 425 nm 74B006 

G € values increased with concentration; half-life 2 672086 
X 104 j.Ls 
Glass was 19: I toluene to EtOH; shoulder at 3943 nm 719059 

tESR; oscillator strength = 0.88 69B002 

707036 

707036 

tTriplet ET to piperylene, oxygen quenching (2.2 X 80B055 
109 L mol-I S-I); solvent uncertain; T, = 0.044 ~s 
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1,\.1>1 I I, '';pr-dtlll pMlIltlclr.r:-. for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. 

1019. 

1020. 

102l. 

Solvent 

Tetrabenzophenazine 
Toluene (293 K) 

Tetrabenzoporpbine 
Pyridine 

Tetracene 
2-MTHF (77 K) 

Acetonitrile 

Acetonitrile 
Benzene 

Benzene 

Method 

FP 

FP 

CWL 

LP-ET 

FP 
PR/ET 

LP-ET 

EtOHlMeOH/2·MTHF FP/SD 
(113 K) 

EtOH/MeOH (113 K) FP/TD 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Amax , Emu 

Inm IL mol-I cm-I 

440 
400 

485 
468 
440 
412 
385 
360 
320 
470" 

460 
465, 31200 

470a 

962, 1000 ± 300 
9358,7ff 
9098,8ff 
gS)3-, goa 

846.5, 7c;oa 
8068,60" 
7948

, 70' 
76'Y-,6O" 
757, 300a 
694&,70' 
683,9Q& 
671 8,70' 
962.0, 1000 
931 8

, 80-
9118

, c;oa 
8888

, 100' 
8488,75OS 
8078

, 70s 
7938,80-
7748,70-
7588,290' 
6998

, 80s 
685', 100-
497·,5600' 
481.5,60000 
463.3, 90000 
4388

, 32900' 
4138,9150-
368", 2300" 
339.1,2000 
318.0, 17000 
3058

, 1560(}8 
285.8, 350000 
244.0, 23000 
2358

, 15800a 

Comment Ref. 

tPhosphorescence decay in EPA at 77 K, oxygen 80E718 
quenching; isomer unspecified 

73E345 

The first 3 bands were assigned to lBfs +- 3Bit, and the 727000 
last 4 were assigned to 3 A Ig +- 'Btu 

tTriplet E1' from 2-nitronaphthalene; kc, = 7.1 X 109 767269 
L mol-I S-I 

78A163 
E relative to benzophenone ketyl radical in ey- 71E360 
clohexane (Emu = 3700 L mol"': I em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyclohexane to ben-
zene Emu ratios of 1.83 for naphthalene and 1.45 for 
anthracene 
tTriplet ET from 2·nitronaphthalene; shoulder at 450 767269 
11111; ket = 7.4 X lOQ L 11101-' 3-' 

tLifetime same as ITA bands in the blue; glass was 69BOO6 
3:1:4 BtOH to MeOH to 2-MTHF; shoulders at 862-, 
752', and 741 8 nm; TT = 1000 ± 50,..,s 

lPhosphorescence decay; shoulders at 864a
, 752", 7458

, 72BOOl 
669', 534", 488", 45g", 451", 330', 2948

, and 291" nm; 7 
electronic· transitions were assigned with O-O's at 962.0, 
481.5, 463.3, 339.1, 318.0, 285.8, and 244.0 nm; oscil-
lator strength = 0.002,0.2,0.45,0.004,0.15,0.85, -0.2 
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TABLE 6. Spectral parameters for triplet-triplei absorption of organic molecules in condensed phases Continued 

No. Solvent Method 

Liquid paraffin FP/SD 

MCH LP 

THF FP 

1022. 1,S,9,10-Tetracbloroantbracene 
Liquid paraffin FP 

1023. 1,2,4,5.Tetracyanobenzene 
Benzene PR 

EPA (77 K) FP 

1024. N,N,N',N .• Tetraethyloxonlne cation 
EtOH LP-ET ISO 

Amax , E:max 

Inm IL mol-I cm- I 

476,30000 
460,52600 
430.5, 27300 
400,8000 
312,8000 

285.5, 195000 
476a 

459" 
431" 

480a 

460a 
435a 

440 

1000 

516 
477 

820,24000 
500a,8600a 

1025. N,N,N' ,N' -Tetraethyloxonine cation, conjugate monoacid 
EtOH LP-ET ISD 700, 28000 

500". 9700" 

1026. Tetraethylporphine 
Pyridine FP 

Comment Ref. 

Solvent had viscosity of 0.03 N.s/m2j 4 separate elec- S8EOOl 
tronic transitions were assigned; bands between 460 
and 400 nm were assigned to the second transition; 
oscillator strength = 0.1,0.4,0.05, 0.9 

459 nm was the most intense peak 

460 nm was the most intense peak 

82F367 

757004 

Viscosity of solvent was 0.167 N·s/m2
; TT = 310 IJ-s 62EOO9 

tTriplet ET to anthracene; charge transfer complex 776146 
with solvent 
tPhosphorescence decay, molecular orbital calcu- 776213 
lations; E roughly 200 L mol-I cm - t (method un
specified); possible charge transfer complex with ether 
of solvent since radical anion detected on repeated 
flashing; TT 3.1 J.ts 

tTriplet ET from 9, lO-dibromoanthracene and oxygen 82E456 
quenching; solution 10-3 mol L -I NH3; TT = 285 J.ts 

fTriplet ET from 9, 10-dibromoanthracene and oxygen 82E456 
quenching; solution 0.2 mol L -I H3P04; Tr = 47 J.ts; ke, 
= 1.9 X 109 L mol-I s-I 

Shoulder at 451 nm 74B007 

1027. N,N,N' ~'.Tetraetbyl.[I,l ':4' ,1' ':4" ,1'" ·quaterpbenyl]-4,4' "·diamine 
2·MTHF (77 K) CWL 710 74B003 

1028. N,N,N' ~'.TetraethYl.[I,l ':4' ,I' '.terphenyl]-4,4' '-diamine 
2-MTHt· (77 K) CWL 6lO 74BOO3 

1029. (R ).4,5,6,7· Tetrabydrodinaphtho[2, I·b:l ' ,2 ' ·d][1,6)dioxecin 
2-MTHF (96 K) PS 429" Compound "VIII" in paper 83E383 

4136 

1030. 6,7,8,9· Tetrahydro.4·hydroxythiazolo[ 4,S-h ]isoquinoline-7·carboxylate ion 
Water LP/ET 370, 8000 fOxygen quenching and triplet ET to crocetin; E rela- 84A024 

tive to croeetin in water (E410 = 75000 L mol-I em-I); 
E: considered an upper limit; Tr = 54 j.ts; pH 13; ket = 
1.8 X 1010 L mol-I S-I 

1031. 7,8.9.10-Tetrahydrotetrahydroxybenzo[a ]uyrene 
Water FP 415 Solution buffered; delay SOj.ts 82R150 

1032. Tetrakis(2,6-dimethyl-4-sulfonatophenyDporphine 
Water LP ITO 780, 3200 Tr = 1800 J.ts 84E203 

1033. Tetrakis(2-N -methylpyridyl)porphine 
Water LPITD 790, 2600 ± 300 Tr = 1160 ± 120 j.ts; pH 6.0 84E346 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

1034. Tetrakis<3-N -methylpyridyl)porphine 
Water LP/TD 

1035. Tetrakis(4-N-methylpyridyl)porphine 
Water LP/TD 

Water LP/TD 

Water LP/TD 

1 U3(). Tetrakis(2-pyridyl)porpbine 
Methylene chloride LP/TD 

1037. Tetrakis(3-pyridyl)porphine 
Methylene chloride LP /TD 

10311. TotrAkis(4-pyridyl)porpbino 

Methylene chloride LP /TD 

Amax , Em .. 

Inm IL mol-I cm- I 

840, 3200 ± 300 
710 

920, 7600 ± 800 
470b

, 28000 ± 2800 
450b

, 57600 ± 5800 
920, 7600 ± 800 
820 

790, 2600 ± 300 
695 

790, 3600 ± 400 
700 

790, 3800 ± 400 
695 

1039. Tetrakis(2-pyridyl)porphine, conjugate diacid 
Water LP 930 

720 

1040. Tetrakis(3-pyridyl)porphine, conjugate diacid 
Water LP 890 

720 

1041. Tetrakis(4-pyridyl)porphine, conjugate diacid 
Water LP 950 

720 

1042. Tetrakis(p-sulfonatophenyl)porphinatorhodate(III) ion 
Water LP/TD 830 

1043. Tetrakis(p -sulfonatophenyl)porphine 
Water LP/TD 

Water LP/TD 

Water LP/TD 

Water LP/TD 

1044. Tetrakis(trimethylaminophenyl)porphine 
Water LP/TD 

1045. N,N,N' ,N'-Tetramethylbenzidine 
Acetonitrile LP ISD 

Acetonitrile LP 

Cydohexane LP 

J. Phys. Chern. Ref. Data, Vol. 15, No.1, 1986 

790,3100 ± 300 
680 
46Ob

, 130000 ± 13000 
44Ob,44250 

790, 3400 

800,3200 
690 

475, 36000 ± 4000 

4758 

475 

Comment Ref. 

TT = 390 ±. 39 ,""s; pH 6.0 84E346 

lOxygen quenching; tetra-p-toluenesulfonate salt; pH 82A152 
7.4; half-life = 120 ,""S 
Shoulder at 820 nm 82E622 

TT = 170 ± 17 ,""s; pH 6.0 84E346 

TT = 150 ± 15 ,""S 84E346 

TT = 170 ± 17 ,""S 84E346 

TT = 170 ± 17 ,""S 84E346 

1 mol L -1 HCI; pH Acidic 84E346 

1 mol L -I HCI; pH Acidic 84E346 

1 mol L -I HCI; pH Acidic 84E346 

lOxygen quenching (1.9 X 109 L mol-I S-I); TT = 400 81E084 
JLs; pH 7 

82E622 

lOxygen quenching; spectrum corrected for cation 82A152 
radical by monitoring e.;q absorption; pH 7.4 
TT = 420 ,""S 84E203 

TT = 540 ,""S 83E462 

lOxygen quenching (2.2 X 1010 L mol-I S-I); TT = 10 84B066 
,""S 
lQuenching by 2,5-dimethyl-2,4-hexadiene; spectrum 84F074 
obtained by subtracting radical cation spectrum from a 
composite spectrum; TT = ::; ,""s 
lTriplet ET to naphthalene, oxygen quenching, in- 767177 
tensity dependent lifetime; ET = 260 ± 5 kJ mol-I; ket 

= 2 X 109 L mol-I S-I 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Em_x 

lum IL mol- I cm- I 

EtOH/Water LP 475 

MeOH LP/ELT 

SDS LP/ELT 

1046. 1,1' ,3,3' -Tetramethyldianthrone 
MCH/lsohexane (93 K) FP 490 

PMMA 
PMMA (140 K) 

FP/SD 
FP/SD 

485, <26000 
485,26000 

1047. 3,4,7,8-Tetramethyl-l,S-diazabicyclo[3,3,O]octa-3, 7 -diene-2,6-dione 
Acetonitrile LP 420 

1048. 1,3,3,6-Tetramethyl-6 '-nitrospiro-(2,2 ' -indolin[2H -1 ]benzopyran) 
Toluene (298 K) FP 460 

1049. N,N,N' ,N' -Tetramethyl-p-phenylenediamine 
3-MP (77 K) FP/SD 613", 15300-

61Ob
, 15000 

570-, 13600-
330',5500' 

299", 17500' 

Acetonitrile 
Benzene 

Cyc10hexane 

Dipropyl ether (77 K) 

EtOH 

Heptane 

Hexane 

Liquid paraffin 

MCH/lsopentane 
(77 K) 

LP 
PR/BT 

LP/ET 

MOD/KM 

FP 

LP 

LP 

FP 

PS 

560· 
60S, 12200 

597-
570b, 11900 
526" 
615, 24000 ± 6000 
570, 24000 ± 6000 
297,28000 ± 7000 
620' 
568" 
596a 

562" 
608-
,::w 
598a 

554" 

615" 
600" 
578" 
565" 
536" 
523" 

Comment Ref. 

tOxygen quenching; solvent was 1: 1 EtOH to water; 84E405 
delay 250 ns 
tTriplet ET to naphthalene, oxygen quenching, in- 767177 
tensity dependent lifetime; E relative to cation radical 
in MeOH (E475 = 41000 L mol- I cm- I) obtained by 
electron transfer to Eu3+ ions and noting no change in 
absorbance at 475 nm; TT = -10 fLs; ET = 260 ± 5 kJ 
mol- I 

tTriplet ET to naphthalene, oxygen quenching, in- 767177 
tensity dependent lifetime; E relative to cation radical 
in MeOH (E475 = 41000 L mol- I cm- I) obtained by 
electron transfer to Eu3+ ions and noting no change in 
absorbance at 475 nm; aqueous micelle; ET = 260 ± 5 
kJ mol- I 

tESR; shoulders at 450 nm and 530 nm; lifetime mea- 70B006 
sured at 103 K; TT = 1200 fLs 

tPhosphorescence decay; TT = 88000 fLs 
677223 
677223 

tVariation of decay with viscosity; E > 10000 L mol- I 79E443 
cm- I

; TT = 2.2 I-1s 

tOxygen quenching, activation less decay; assigned to 67B003 
7T ~ 7T' transition in uncolored form 

tPhosphorescence decay and oxygen quenching; 69E215 
"TMPD"; shoulder at 5323 nm; spectrum was esti-
mated in SD region, 340-360 nm; E outside 'SD region 
W<:l:S lUC<:l:SUICU u:s:sullliug iutc!;IJ:utcu t: was cyualtu that 

of TMPD cation, and this was used' in a modified SD 
method 
Spectra extracted from composite spectra; TT = 0.5 fLs 84B061 
" relative to benzophenone ketyl radical in cy- 71B360 
clohexane (Emax 3700 L mol- I em-I); E obtained 
from a simultaneous least squares fit of data from 
several compounds making use of cyc10hexane to ben-
zene E~ .. ratios of 1.83 for naphthalene and 1.45 for 
anthracene 
tOxygen quenching and delayed fluorescence; E rela- 707061 
tive to naphthalene in cyclohexane (Em 22400 L 
mol- 1 cm- I) 

737055 

707061 

Delay 150 ns; 562 nm peak was the more intense; TT = 82E474 
1.41-1s 
Delay 40 ns 84B061 

tNegative comparisons with TMPD+ spectra and ki- 66B003 
netics; shoulder at 524" nm; another maximum < 300 
nm, and this maximum was the more intense than the 
2 listed maxima; T I _. 82 ,.,.,s 

tPhosphorescence decay; glass was 1:1 MCH to iso- 66B003 
pentane; the 6 peaks occurred in pairs, with the bands 
formed by each pair showing indications of additional 
strncture 
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,1, 1;,11 ;>11,,'1,'1 '. I, 'J It Ipld-illpkl absorption of organic molecules in condensed phases - Continued 

Nil. Solvent Method 

PMMA PR/ET 

Polystyrene PR/ET 

Water LP 

1050. Tetrametbylthiuram disulfide 
Hexane FP 

1051. Tetrametbyltbiuram monosulfide 
Hexane FP 

1052. 1,1,4,4-Tetrapbenyl-l,3-butadiene 
Toluene PR 

1053. Tetraphenylchlorin 
Benzene FP 

Dimethyl phthalate FP/SD 

1054. Tetraphenyl-p -dioxin 
Benzene LP 

MeOH LP 

1055. 3,3,4,5· Tetraphenyl.2(3H).furanone 
Benzene LP lET 

Amax , Ema> Comment Ref. 
Inm /L mol-I cm- I 

620, 10000 E relative to naphthalene in cyclohexane (Em = 22000 710278 
.580, 11000 L mul- ' em-I), assuming nu sulvc::nt effects; reference 

E was from a citation that actually reported £412.5 = 
22600 L mol'" I cm- 1 

630, 15000 E relative to naphthalene in polystyrene (E425 = 11000 710278 
580, 15000 L mol-I em-I) 

630 Water 707061 
570 

-400 ~ Oxygen quenching; 1'T = 90 ILS 78BI08 

-400 tOxygen quenching; 1'T = 90 J.ts 78B108 

395a tTriplet ET to ,a-carotene and oxygen quenching; 1'T 84EI44 
= 0.665 ILs 

520 Maximum at 520 nm was judged to be of "doubtful 58R002 
470 signficance" by the experimenters; benzene was wet 
44la Shoulder at 458 nm 74B007 

550a tOxygen quenching (1.7 X 109 L mol- 1 S-I), triplet 79A241 
350' ET to Oi-tert-hutyls.elenoketone; maxima as.sumed sol-

vent independent (text); 1'T = 0.630 I-LS; ke, = 1.8 X 108 

L mol-I s-' 

550' tOxygen quenching, triplet quenching; relative in- 79A241 
350' tensities (I :3); 'TT = 0.535 J.C.S 

365 ± 5, 13000 ± 2600 *Oxygen quenching; £ relative to benzophenone in 84E520 
benzene (Em = 7600 L mol-I em-I); 1'T = 12 ± 2 JLs; 
kel = 2.5 X 10' L ~ol-I S-I 

1056. Tetraphenylporphinatorbodium(IIl) chloride 
MeOH LP/TD 830 

1057. meso· Tetraphenylporphine 
Benzene 
Toluene 

Toluene 

LP/TD 
FP/SD 

LP 

1058. Tetrapbenylporpbyrin dianion 
THF FP 

1 U5Y. 1,3,6,lS';Ietrapbenylpyrene 
CycJohexane FP /TD 
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790,6000 
780,6000 
690,3500 
430,83000 
390,42000 
780 

460 

525.5, 14400 
510, 19700 
499, 18900 
488 . .5, 18100 

478.5, 16800 
460, 13900 
434, 16900 
419.5, 16700 

426, 16500 

1'T = 1500 JLs 
1'T = 1350 ILs 

84E045 

84E203 
6OE006 

80BlOi 

Electron photoejection ruled out by scavenging study; 79B114 
half-life = 1000 J.Ls 

The 1st triplet level was assigned to 3Bit; four electron 757439 
transitions were assigned, with the 1st (band 1), 3rd 
(origin, band 6), and the 4th (origin, band 7) being lBig, 
whilt:: the 2m} dceilOUi\; h",u:)ilion (Oligiu, vanu 2) 

being lAg 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

1060. Thiobenzophenone 
Benzene 

1061. Thioflavine 
PMMA (77 K) 

1062. Thioindigo 
2-MTHF 
Benzene 

Butyronitrile 
Chloroform 
Dichloromethane 

Glycerol triacetate 
(203 K) 
Glycerol triacetate 

MCH/Toluene (77 K) 
MCH/Toluene 
Methylene chloride 

PMMA 

lUbJ. Thionine cation 
Acetonitrile 

Mc:OH 

MeOH 

Water 

Water 
Water 
Water 

Method 

LP/RA 

PS 

LP 
LP 

LP 
LP 
LP 

LP 

LP 

LP 
LP 
LP 

LP 

FP 

FP 

FP/SD 

FP/SD 

FP/SD 
FP 
FP 

1064. Thionine cation, conjugate monoacid 
Sulfuric aeio ~l9:l K) J-iP/SU 

Water 

Water 
Water 
Water 

Water/Acetonitrile 

Water/EtOH 

FP/SD 

FP 
FP 
LP/SD 

LP/SD 

LP/SD 

Am.~ , Em•x 
/nm /L mol-I cm- I 

515 ± 5,4100 ± 800 
400 ± 5,4800 ± 1000 

1650 
I300 
1200 
1100 
950 
750 

588" 
590· 
530' 
380· 
580 
603 
590· 
~30· 

380· 
580 
375 
575 
370 
587" 
590 
590 
370 
580 
375 

810" 
740· 
430· 
780 

420 
780·, 13200 
700', 7000· 
430a, 12000' 
760",9400" 
690',6000" 
415·, 12000· 
775, 10000 
770 
770· 

4~Y, 'UlX.r 

655", 15400' 

375", 14000" 
650 
645" 
650, 16000 
380, 14000 
650,20000 
380, 15500 
650,20500 
380, 16500 

Comment Ref. 

E relative to benzophenone in benzene (Em.s 7630 L 84A221 
mol-I em-I), taking <PT 0.6 at 337 om excitation and 
taking <PT 1 for benzophenone; 'TT 1.7 ± 0.2 f.Ls 

tOxygen quenching 

65BOO4 

79E325 
78F030 tOxygen quenching (3.2 X 109 L mol-I S-I); pre

sumably twisted triplet since spectrum independent of 
amount of cis or trans isomers used; TT = 0.279 f.Ls 
tOxygen quenching 79E325 

81E639 
tOxygen quenching; presumably twisted triplet since 78F030 
spectrum independent of amount of CiS or trans isomers 
used; 'TT = 0.158 ILs 
TT = 37 ILs 

7"T = 0.20 J.Ls 

Solvent was 1:1 MCH to toluene 

79E543 

79E543 

79E325 
tOxygen quenching; solvent was 1: 1 MCR to toluene 79E325 
'TT = 0.15 J.Ls 79E543 

79E543 

78A447 

747038 

Upper bound on E; basic form of triplet; TT 12 J.Ls 777242 

TT = 1.7 p.s; pH 8. 

pKa = 6.3 ± 0.1 
pKa 8.95; pH 7.5-9.5 
Shoulder at 730 nm 

Absorption spectra extends to 700 nm and has at least 
one additional maximum which was more intense than 
at 495 nm, but is masked by bleaching of ground state; 
temperature ± 1 K; pH - 0.7 
pH 1. 

TT = 16 ± 2 p.s; pH 2.5 
SD assuming no triplet absorption at 630 nm; solution 
0.01 mol L - I acid; pH 2 
SD assuming no triplet absorption at 630 nm; solution 
0.01 mol L -I acid; solvent was 1: 1 water to acetonitrile 
SD assuming no triplet absorption at 630 nm; solution 
0.01 mol L -I acid; solvent was 1: 1 water to EtOH 

64E017 

67COOI 
757148 
777315 

blAUUI 

64EOI7 

67COOI 
777315 
82E232 

82E232 

82E232 
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1/'1111 (" :c.pC('I"d parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

1065. Thiopyronine 
Water FP 

1066. Thiopyronine cation 
Acetonitrile FP/? 

MeOH FP/? 

Water FP 

Water FP/? 

1067. 4-Thiouridine 
Acetonitrile LP/ET 

Water LP/ET 

1068. 9H· Thioxanthene·9-thione 
Benzene LP IRA 

1069. Thioxanthen·9-one 

1070. 

Acetonitrile 
Acetonitrile 
Benzene 

Benzene 

Benzene 
tert-BuOH 

Thymidine 
Acetonitrile 

Water 

FP 
LP 
LPIRA 

LP/ET 

FP 
FP 

LPIET 

LP/RF 

1071. Thymidine 5' -monophosphate 
EtOH LPIET 

Water LP/RF 
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"'max, Ema" 

Inm IL mol-I cm- I 

690 
470·480 
440 
400 
370 

340 

660b, 4560 

720a 
660b

, 4200 
470a 

420a 

704" 
344" 
660b

, 4350 

520,50000 

520,50000 

Comment Ref. 

Solution was phosphate buffered; TT 420 f.Ls~ pH 7.4 687142 

E method unspecified; 7T 80 fJ-s SOA369 

Radical (Amax 425 nm) and radical ion (Amax = 470 80A369 
nm) contributions in the blue unsubtracted; E method 
unspecified; TT - 80 f.Ls 

TT = 420 f.Ls; pH 7.4 697009 

E method unspecified; TT = - 80 f.Ls 80A369 

E relative to retinol in hexane (E405 80000 L mol-I 83E625 
em-I) 
E relative to retinol in hexane (£405 = 80000 L mo}-l 83E625 
em-I) 

505 ± 5,2500 ± 500 erelative to benzophenone in benzene (Em.5 7630 L 84A221 
350 -L 5, 10600 -L 2100 JJ1ul-' I.::IU-'), tak.i.Jl~ *T = O.Sllt 337 mil t:.1I.l.::itatiullllIlU 

taking CPT = 1 for benzophenone; SO method gave 
similar Ei TT = 0.83 ± 0.08 f.Ls 

625 ± 5 
620 
650, 30000 ± 5000 

650, 30000 ± 5000 

650-670 
620 ± 5 

370b, 3600 

tTriplet ET to triplet acceptors; TT = 73 f.LS 737190 
84B116 

E relative to anthracene in liquid paraffin (E424 = 71000 79E099 
L mo}-I em-I), assuming <l>T = 0.7 for anthracene in 
benzene and <lJT = 1.0 for thioxanthen-9-one and as-
suming E independent of solvent; wavelength assumed 
to be a maximum 
E relative to anthracene in liquid paraffin (Em 71000 79E099 
L mol- I em-I) assuming E independent of solvent; 
wavelength assumed to be a maximum 
TT = 95 /-Ls 81A294 
tTriplet ET to triplet acceptors 737190 

*Triplet ET to retinol, oxygen quenching; E relative to 79B087 
retinol in hexane (E4OS = 80000 L mol-I em-I), as-
suming no change in extinction coefficient of standard 
in acetonitrile, and making kinetic corrections; ket = 6 
X 109 L mol- 1 S-I 

tOxygen quenching; E relative to thymidine in ace- 79B087 
tonitrile (E310 = 3600 L mol- 1 em-I), assuming oscil-
lator strength independent of sol vent; TT = 25 f.Ls 

tTriplet ET to retinol. oxygen Quenching; E relative to 79B087 
retinol in hexane (E405 = 80000 L mol-I em-I), as-
suming no change in extinction coefficient of standard 
in EtOH, and making kinetic corrections; TT = 25 /-LSi 
k et = 2 X 109 L mol- I S-I 

*Oxygen quenching; E relative to thymidine 79BOS7 
5'-monophosphate in EtOH (E370 = 4000 L mol- I 

em -I), assuming oscillator strength independent of sol-
vent 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

1072. Thymine 
Acetonitrile 

Water 
Water 

1073. Thymine, negative ion 
Water 

Method 

LP/ET 

FP 
LP/ET 

FP 

1074. ToluenelTetracyanobenzene 
Toluene/Et20 (77 K) MOD 

1075. s-Triazine 
Acetonitrile 

1076. Tribenzo[a,c,h ]phenazine 

LP/HAT 

PMMA (77 K) PS 
PMMA (293 K) FP 

1077. 2,9,10-Trichloroanthracene 
Liquid paraffin FP 

1078. 1,3,5-Tricyanobenzene 
EhO/lsopentane (77 K) PS 

Arna); , cmax 

/nm /L mol- I cm- I 

340\ 4000 

340 
340\ 4000 

421" 

1250 
559 

303 
245, -6000 

525 
525 

419 

320 

1079. Tricyclo[8.2.2.24
• 7]hexadeca-4,6, 10,12,13, 15-hexaene-5,15-dicarbonitrile 

Acetonitrile LP 520a 

Toluene LP 520a 

10SO. 1,1,1-Trifluoroacetylacetone 
EtOH/MeOH (l18 K) FP 

10Sl. 4-(Trifluoromethyl)acetophenone 
Benzene LP IRA 

1082. 4-(TrinuUlometbyl)belu,ophenom: 

AcetonitrilelW ater LP lET 

380 

455", 2800" 
426",2700" 

530,5800 
320, 12400 

1083. 4,4,4-Trifluoro-l-phenyl-I,3-butanedionatosodium 
EPA LP/SD 620b, 11000 ' 
EPA LP/ET 620b, 12000 

10S4. 2,4,6-Triisopropylbenzophenone 
Acetonitrile LP 750 

305 

Comment Ref. 

~Triplet ET to /3-carotene and retinol; E relative to 757510 
retinol in hexane (E405 = 80000 L mol- I cm- I), as-
suming no solvent effect on reference /; no maximum 
was present, but 300 nm appeared to be a shoulder; TT 
= 2.5 ILs; ket = -6 X 109 L mol- I S-I 

717071 
tTriplet ET to /3-carotene and retinol; E relative to 757510 
retinol in hexane (E405 = 80000 L mol- I cm- I), as-
suming no solvent effects on reference f on going to 
acetonitrile and on thymine on going from acetonitrile 
to water; shoulder at -340 nm; TT = 0.6 JLs 

tOxygen quenching; shoulder at 490' nm; another 727036 
maximum <330 om; pKb -3; pH 12 

Glass was 1:1 toluene to Et20 72E276 

Shoulders at -450 and -345 nm; E relative to H ad- 757066 
duct of s-triazine in acetonitrile (E3l5 = 1900 L mol- I 

em-I); TT = 0.91 JLs 

~Phosphorescence decay (?); TT = 7.4 X 105ILS 
Decay was nonexponential, and lifetime was calcu
lated from a terminal 1st-order rate constant; TT - 3.2 

X 105 JLS 

70E291 
70E291 

Viscosity of solvent was 0.167 N·s/m 2; TT = 400 ILs 62E009 

Glass was 1: 1 EhO to isopentane 75BOO4 

100 ns delay 
100 ns delay 

Solvent was 3: 1 EtOH to MeOH 

776187 
776187 

68B005 

E relative to benzophenone in cyc10hexane (Em = 737198 
7630 L mol- I cm -I, assuming no solvent effect from 
benzene), and taking all the triplet yields to be unity 

Solvent was 9:1 acetonitrile to water; E relative to 84B033 
1-methylnaphthalene in acetonitrile/water (E4l5 = 
11200 L mol- l em-I) 

TT = 0.04 JLs 84E232 
E relative to naphthalene in cyclohexane (E414 = 24500 84E232 
I. mol- I em-I); TT = 0.0:\ ~s; kct = 4.' X. \09 1. mo\-I 
S-I 

fTriplet ET to cis-1,3-pentadiene; relative intensities 80B088 
(1 :2); decays into biradical; TT = 0.255 ± 0.013 JLs 
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I ;\ III,/. fl, .')pCClm! pUnillJt:tcrs for Iriplet-triplet absorption of organic molecules in condensed phases - Continued, 

No. Solvent Method 

1085. 2,3,5· Trimethyl-l,4-benzoquinone 
Water LP 

Amu, 
Inm 

480 
440 

'TT = 5.9 IJ-s 

Comment Ref. 

80B112 

1086. (all-E)-3,7, 12-Trimethyl-l,l4-bis(2,6,6-trimethyl-l-cyclohexen-l-yl)-1,3,5, 7 ,9,11,13-tetradecaheptaene 
Benzene (296 K) LP-ET 495 Triplet ET from chlorophyll a; oxygen quenching (3.2 73E347 

X 109 L mol-I S-I); TT = lOfLS; kc' = 0.8 X 109 L 

1087. 1,1,2-Trimethyl-2-(2-naphthyl)ethylene 
Benzene LP-ET 390a 

1088. 1,3,3-Trimethyl-6' -nitrospiro-(2,2' -indolin{2H -1]benzopyran) 
MCH LP 430 

Toluene (298 K) FP 443 

1089. 3,5,5-Trimetbyl-2-phenoxy-2-cyclohexene-l-one 
MCH LP 380a 

1090. 4-[Tri(4-methylphenyI)porphinyl]-3-phenoxypropyl l3-apo -6 I -carotenate 
Benzene LP -540 

-440 

1091. 4,5' ,8-Trimethylpsoralen 
EtOH (180 K) FP 481 a 

461 8 

3768 

MeOH LP/ET 470, 33000 ± 3000 
370,27000a 

1092. Triphenylamine 
3·MP (77 K) PS 525 
EPA (77 K) PS 531 
MCH LP 520 
ToluenelEtOH (77 K) MOD 583B 

410" 

1093. Tripbenylamine, conjugate acid 
Aoetio Goid/MeOH/- MOD/KM 579b, S900 
Et20 (77 K) 546b, 9900 

436b, 2300 

1094. 1,3,5-Tripbenylbenzene 
2·PrOH/Isooctanel - FP 500 
EhO (81 K) 346 
AlcohollEther (77 K) MOD 494 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

mol-I S-I 

.Triplet ET from xanthone and oxygen quenching (4.7 84B090 
X 109 L mol-I S-I); TT = 0.07 J.1S 

~Oxygen quenching; ground state dimers form readily; 80N064 
TT -20 IJ-s 

~Oxygen quenching, activationless decay; E estimated 67B003 
> 10000 L mol-I cm- I ; assigned to 1T _ 1T* transition 
in uncolored form 

fOxygen quenching; spectrum obtained by extrapo- 81F111 
lation to zero time 

The 80 ns lifetime associated with 440 nm triplet. as- 82E174 
signed to porphyrinchromophore; 2.4 IJ-s lifetime and 
540 nm band assigned to carotenoid chromophore; 440 
nm species is precursor of 540 nm species; TT = 2.4; 
0.080 fLS 

~Triplet ET from naphthalene; shoulder at 4988 nm 83B122 

*Triplet ET to fJ-carotene; E relative to fJ-carotene in 79B042 
hexane (Em = 240000 L mol- t cm -I) assuming E inde-
pendent of solvent; TT = 7.1 JLs 

TT = (9 ± 3) X 105 IJ-S 67EI06 
tPhosphorescence decay; TT = (9 ± 2) X 1<Y IA-s 67EI06 

72B002 
Glass was 19:1 toluene to EtOH; 583 nm peak was the 119059 

more intense 

Glo.ss WG.G H:3:3 acetio aoid to MeOH to Et~O B2E64B 

tPhosphorescence decay; glass was 1:3:3 2-PrOH to 8lB119 
isooctane to EhO; TT = 3.9 X 106 

IJ-S 

Glass was 2: 1 alcohol to ether 76E682 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method "-max, Em,. Comment Ref. 
Inm IL mo)-I cm- I 

1095. Triphenylene 
2-MTHF (77 K) PS/ESR 431, 16500 iESR; oscillator strength = 0.085 6SD211 

40S', 9900' 
3-MP (77 K) PS 721 67E106 

6YI 

? (77 K) PS 434' tphosphorescence decay and ESR lifetime; glass used 67E108 
410" was either 2-MTHF or 3-MP; TT = 1.37 X 107 p,s 

Benzene FP 428 Relative intensities (10:9) 61E005 
407 

Benzene LP 428 70E288 
Benzene LP/ET 435, 6000 ± 500 ~Triplet ET from benzophenone; E relative to benzo- 757282 

phenone in benzene (Em.s = 7630 L mol:" 1 cm- I) 
Butane/lsopentane PS/IV 430, 7000 ± 2000 Glass was 3:7 butane to isopentane; CT was computed 65E031 

(77 K) 408', -3800 from OD = ETTpio(l - <l>r) after the optical density, OD, 
was extrapolated to zero intensity of the monitoring 
beam (namely io ~ 0), here T was lifetime of triplet, and 
<l>r was fluorescence quantum yield; oscillator strength 
= 0.05 

Cyclohexane LP 430 tRise time of transient was the same as the decay time 68B006 
of the singlet 

EPA (77 K) PS 431 l Phosphorescence decay 51E001 
EPA (77 K) PS 727 tPhosphorescence decay; TT = (1.34 ± 0.3) X 107 Jls 67E106 

661 
EPA (82 K) PS/KM 430, 16800 ± 300 68B003 
EPA (77 K) FP/SD 430, 15600 ± 2300 TT = 1.38 X 107 p,s; oscillator strength = 0.11 69F389 

409",8200' 
EPA (77 K) PS/KM 429", 17100" Solvent, temperature and extinction method assumed 69E213 

407", 11200' from earlier work; polarization also measured 
3928,7700' 

BPA (77 K) PS/KM 430, 16800 hm .. assumcd fr011"1 prcvious wock 69E212 
EtOH (77 K) MOD/KM 340b

, 8500 757594 
31Ob

, 2500 
295b

, 3200 
274.3b

, 17500 
270, 36500 
262.5b

, 27500 
250b, 45000 

EtOH (77 K) MOD 727 Relative intensities (2: 1 :4: 1); halfwidth of principal 777538 
650' maximum 680 cm- I 

431 
408" 

EtOH/MeOH (113 K) FP/TD 350, > 13000 Solvent was 3:1 EtOH to MeOH; lower limit assumes 67BOO4 
total ground state depletion 

Ethylene glycol FP 428 Relative intensities (10:9); TT = 1000 ± 100 Jls 6lE005 
407 

Hexane FP 428.1 54EOOI 
Hexane FP/SD 428,4100 Band at 346 nm was assigned to the second electronic 58EOOI 

404,3500 transition; oscillator strength = 0.025,0.06 
346,7000 

Hexane FP 428 Relative intensities (10:9); TT = 55 ± 9 p,s 61E005 
40' 

Hexane (77 K) PS 431 First 3 bands were of medium intensity and were as- 63B002 
407 signed to one electronic transition; other 2 bands were 
385 of strong intensity and were assigned to another elec-
360 tronic transition 
350 

Hexane (77 K) PS 432.6 Sample was a Shpolskii matrix; first two bands were 65B003 
409.0 assigned to one electronic transition, and the last two 
3&1.2 were 3!'1.!'I.ignerl to another one 

361.8 
Hexane PS 722 Weak bands in the red only studied 67B005 

655 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method 

Hexane (77 K) PS 

MCH (77 K) PS/KM 

MCH LP 

PMMA LP 
Toluene (77 K) MOD 

1096. Triphenylene-d12 

EPA (77 K) FP/SD 

1097. Triphenylene/Chloranii 
Liquid paraffin MOD 

1098. Triphenylethylene 
Toluene PR 

1099. 3,3,S-Triphenyl-2(3H)-furanone 
Benzene LP lET 

1100. Triphenylmethane 
MCH (77 K) PS 

1101. Triphenylmethyl cation 
Sulfuric acidl Acetic PS 
acid (77 K) 
Sulfuric acidl Acetic FP 
acid 

1102. 1,3,3-Triphenylprop~2-en-l-one 
MeOH LP 

1103. Tris(2,2 ' -bipyridine)iridium(III) ion 
MeOH/Water LP 

1104. Tris(2,2' -bipyridine)osmium(II) ion 
Water LP/SM 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

"-max, Emax Comment Ref. 
10m IL mol- I cm- I 

722.0 Relative inten~iti~ (15;10;100;42;62;33;_;40;_;35) 69E211 

654.9 
432.0 
416.7 
408.5 

396.0 
381.0 
369.90 
362.1 
354.6 
432, 14400± 1000 Photoreaction with solvent measured; TT = 14 X 106 81F315 

ILS 
424a 424 nm peak was the more intense 82F367 
405a 

428 70E288 
737 Relative intensities (4:2:3); halfwidth of principal max- 777538 
660a imum 2000 cm- I 

443 

431, 12000 ± 1800 'l"T = 1.73 X 10' 1-'s 69F389 

415 Mull 71E361 

366a tTriplet ET to j3-carotene; maximum uncertain be- 84EI44 
cause of low intensity of monitoring light (private 
communication, P.K. Das, 1984); TT = 0.130 p.s 

330 ± 5, 13000 ± 2600 tOxygen quenching; E relative to benzophenone in 84E520 
benzene (Em = 7600 L mol- 1 cm- I); TT = 1.2 ± 0.1 

340" 

5SOS 
340 

440 

467\ 5()()()", 
365", 177W 

JJ.s; kel = 2.1 X 10' L mol-I S-I 

727440 

tOxygen quenching; solvent was 1:1 sulfuric acid to 78Al80 
acetic acid; pH Acidic 
tOxygen quenching; solvent was 1:1 sulfuric acid to 78AISO 
acetic acid; pH Acidic 

tOxygen quenching; TT = 0.325 ,.,.S 84E520 

79B098 

SOE04O 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Ema)l; 

Inm IL mol-I em-I 

1105. Tris(2,2' -bipyridine)ruthenium(II) ion 
Acetonitrile LP /SD 
Water LP/SD 

Water LP/TD 

Water LP/SM 

Water LP/SM 

Water LP 

Water LP/TD 

360b
, 27300 ± 1500 

360b, 27300 ± 1500 

4531>,77!.YJ" 

445", 8000" c 

370", 13500"'c 
452b

, 2100 
370", 28900" 
315", 36600' 
252',41600· 
430·,6500' 
364", 25400" 

368 
310 
255 
541,3000 
444, 5000 
376,29000 
320, 37000 
250b

, 40000 

1106. Tris(l,lO-phenanthroline)rhodium(III) ion 
Water (298 K) LP/RA 490,4300' 

Water/Ethylene glycol LP 490 
(77 K) 

1107. Tris( 4,4,4-trifluoro-l-phenyl-l,3-butanedionato)lanthannm(III) 
EP A LP /SD 620, 20000 
EPA LP lET 620, 27000 

11 08. Tris(4,4,4-trifluoro-l-phenyl-l,3-butanedionato)lutetium(I1I) 
EPA - LP/SD 620b.28000 
EPA LP/ET 620b,28000 

1109. Tryptophan 
PYA (293 K) FP 480" 
Water (77 K) PS 464" 

Water (298 K) LP 450 

Water LPfCOM 460, :moo 

1110. DL-Tryptophan 
PYA FP/COM 485", 3700 ± 400 

1111. L-Tryptophan 
Ethylene glycollWater PS/KM 450,8000 
(77 K) 
Water FP 460 

Comment 

tTriplet ET to retinol; 'TT = 1.1 ± 0.1 J-Ls 
tOxygen quenching (3.3 X 109 L mol-I s- I); 'TT = 0.67 
± 0.02 J-Ls 
Inestlmatton or E, -1 U assumed from saturation of UU 

at intensities above 0.3 X 1018 photons/cm2; shoulder 
at 350 nm 

pH 12.7 

Ref. 

767180 
767180 

79BlOl 

79B032 

80E04O 

82A365 

83B098 

E relative to benzophenone in benzene (Em = 7630 L 84B055 
mol- I em-I, q,T = 1), q,T for compound measured as 
1; units for E are assumed since they were not specified 
in the paper; 'TT = 0.25 ± 0.02 J-Ls 
tPhosphorescence decay; glass was 1:1 water to ethyl- 84B055 
ene glycol; 'TT = (4.8 ± 2) X 104 J-Ls 

TT = 2.6 J-Ls 84E232 
E relative to naphthalene in cyclohexane (E414 = 24500 84E232 
L mol- I em-I); TT = 2.7 J-Ls; ket = 1.0 X 109 L mol- I 
S-I 

TT = 1.4 j.LS 

E relative to naphthalene in cyclohexane (E414 = 24500 
L mol- I em-I); TT = 1.5 J-Ls; ket = 1.0 X 109 L mol- I 
S-I 

84E232 
84E232 

tPhosphorescence decay 757469 
tPhosphorescence decay; 4 mol L- I eaCh aqueous 700011 
glass 
tTriplet ET to anthracene in EtOH; lifetime was mea- 757163 
sured at pH 7.5; spectrum is the difference between 
spectra at 100 ns in 02-free solution and 1 J-Ls in 
02-containing solution; 'TT = 14.3 ± 1.4.us; pH 5.4 
Ecorrecte<1 for radical and hydrated electrOn absorp- 777432 

tion at 460 nm E from quadratic fit to absorption decay 
curve assuming triplet-triplet annihilation with rate 
constant 1010 L mol- I S-I; pH 7 

tPhosphorescence decay; E estimated based on tPr = 753103 
0.55 and the assumption of no internal conversion 

tPhosphorescence decay; glass was 1:1 ethylene gly- 716330 
col to water by volume; TT = 6.6 X 106 J-Ls 
pH 5.4 727041 
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TAlIl.E n. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Amax , Etnax Comment Ref. 
Inm /L mol-I cm- I 

1112. Tyrosine 
Water LP -575 Zwitterion; lifetime was measured at pH 6.0 and ex- 757161 

295 trapoiated to zero tyrosine concentration; pKa's of trip-
250 let are 2.5 and 9.7; spectrum is the difference between 

spectra at 20 ns and 15 ,""s; TT = 5.5 ± 1.5 ,...s; pH 7.5 

1113. L-Tyrosylglycine 
Water LP _385a Another maxima below 250 nm that was at least 3 757161 

times as high as the maximum at 385a nm; spectrum is 
the difference between spectra at 20 ns and 15 ,""s; Tr = 
3.4 ± 0.2 #Ls; pH 6.0 

1114. Ubiquinone 30 
Benzene PR/ET 430b

, 13000 tTriplet ET from anthracene; E relative to biphenyl in 723043 
benzene (E367 = 27100 L mol-I em-I); this E may be too 
high, see comment under ubiquinone [743062]; half-life 
= 0.45 ,""s; ket = 5.1 X 109 L mol- 1 S-I 

Cyclohexane LP/ET 440 ± 5. 8000 ± 1600 E relative to biphenyl in cyclohexane (E361 = 42800 L 743062 
IUU}-1 I.au- I); li:!tcu value updatclS authors' earlier 
value, E 19000 L mol- 1 em-I. from (723043] which 
was in error because of spectral overlap with the donor 

Cyc10hexane PR/ET 440 ± 5. 7200 ± 1600 E relative to biphenyl in cyclohexane (E3M 42800 L 743062 
mo1- 1 em-I) 

1115. Uracil 
Acetonitrile LP/ET 340.2750 tTriplet ET to J3-carotene and retinol; E relative to 757510 

retinol in hexane (E40~ 80000 L mo]-I cm- I), as-
suming no solvent effect on reference!; Tr = 0.6 p..s; ket 
= -8 X 109 L mol-I S-I 

Water FP 380 *Oxygen quenching; TT = 6.1 ± 0.5 p..s 697253 
Water LP/ET 360,260()" tTriplet ET to J3-carotene and retinol; E relative to 757510 

retinol in hexane (E405 = 80000 L mol-I cm- I), as-
suming no solvent effects on reference f on going to 
acetonitrile and on uracil on going from acetonitrile to 
water; TT = 0.35 j.Ls 

1116. Uridine 
Acetonitrile LP/ET 370b.64OO tTriplet ET to retinol; oxygen quenching; E relative to 79B087 

retinol in hexane (E405 = 80000 L mol-I cm- I). as-
suming no change in extinction . coefficient of standard 
in acetonitrile, and making kinetic corrections; ket = 6 
X 109 L mol-I S-I 

Water LP/RF 370b
, 6400 tOxygen quenching; E relative to uridine in ace- 79B087 

tonitrile (E370 = 6400 L mol-1 em-I), assuming oscil-
lator strength independent of solvent; TT = 20 ,."S 

1117. Uridine monophosphate 
EtOH LP/ET 390,9000 tTriplet ET to retinol, oxygen quenching; E relative to 79B087 

retinol in hexane (E405 = 80000 L mol-I em -I). as-
suming no change in extinction coefficient of standard 
in EtOH, and making kinetic corrections; kc\ = 5 X 
109 L mol-I S-I 

Water LP/Kt· 31.:101>, ~UOU ,Uxygen quenching (3 X 10'" L mol- 1 S-I); E relative 79HUIS7 

to uridine monophosphate in EtOH (E390 = 9000 L 
mol-I em-I), assuming oscillator strength independent 
of solvent; Tr = 33 ,""S 

1118. Uroporphyrin I, octamethyl ester 
Benzene PR/ET 44Ob,32000 tOxygen quenching (1.5 X 109 L mol-I S-I); E relative 80E200 

4058 to biphenyl in benzene (E360 = 27100 L mol-I em-I); 'TT 

- 270 fl$) 
Benzene LP/TD 44Ob,26000 tOxygen quenching (1.5 X 109 L mol-I S-I); TT = 270 80E200 

4058 ,."S 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent 

1119. 2-Vinylnaphthalene 
Benzene 

Benzene 

1120. 9H-Xallthcllc-9-tbiolle 

Benzene 

1121. Xanthone 
1,1,2-Trichloro
trifluoroethane 
2-PrOH (295 K) 
Benzene 

Benzene 

Benzene 
CCl4 (295 K) 
Cyclohexane 
EtOH/Water 

EtOH/Water 

Poly ( styrenesulfonate) 
/DTB/Water 

5DS 
SDS 

1122. o-Xylene 
Cyclohexane (289.5 -K) 

1123. Zeaxanthin 

Benzene 

1124. Zinc(I1) chlorophyll a 
Benzene 

1125. Zinc(II) cytochrome c 
Water (288.7 K) 

Water/Glycerol 
(288.7 K) 

1126. Zinc(I1) etioporphyrin I 

Method 

PRIET 

LP-ET 

LPIRA 

LP 

LP 
LP/RA 

LPIRA 

LP 
LP 
LP 
LP 

LP 

LP 

LP 
LP 

LP 

FP-ET 

PR-ET 

FP 

LP 

LP 

Benzene FP 

DMF FP/SD 

Ama. , Em8~ 
/om /L mol-I cm- I 

460 ± 5, 5500 ± 1100 
345 ± 5, 15400 ± 3100 

610 

610a 
610,5300 ± 700 

600, 8600 ± 2000 

650 
655 
-610 
590 

605 

5058 

520 

450 

462 

462 

510" 
430" 
440,99000 
411 b

, 45300 

Comment Ref. 

tTriplet ET from biphenyl; E relative to biphenyl in 79E666 
benzene (E367 = 27100 L mol-I cm- I); TT = 60 ,...8; kel 

= 7.1 X 109 L mol-I S-I 

tTriplet ET from xanthone and oxygen quenching (3.9 84B090 
X 109 L mol-I s -I); there was a weak, broad maximum 
in the region of 600 nm; 'TT = 0.25 ,...8 

E relative to benzophenone in benzene (Em.s 7630 L 84A221 
mol-I cm- I), taking CPT O.S at 337 nm excitation and 
taking ct>T 1 for benzophenone; SD method gave 
similar E; TT = 1.8 ± 0.2 J.Ls 

TT = 0.42 fL8 

TT = 0.370 fLS 
lTriplet ET to naphthalene, oxygen quenching (5.6 X 
109 L mol-I 8- 1); E relative to benzophenone in ben
zene (Em 7630 L mo}-l em-I) assuming CPT 1 for 
buth mulecules; 'TT = 0.092 fLs; kel ::=: (9.' ::!: 1.0) X 109 

L mol-I S- I 

767171 

80A338 
767171 

E relative to anthracene in liquid paraffin (E424 = 71000 79E099 
L mol-I em-I), assuming ct>T = 0.7 for anthracene in 
benzene and l}\T - 1.0 for xanthone and assuming E 

independent of solvent; wavelength assumed to be a 
maximum 
100 ps delay; rise time of 0.013 ns 
TT :=: 0.70 fLs 

TT = ":"0.02 fLs 

tOxygen quenching (2.4 X 109 L mol-I S-I); solvent 
was "10 wt% aqueous ethanol"; TT = 17.9 fLs 

iTriplet ET to naphthalene, oxygen quenching (2.8 X 
109 L mol-I S-I); solvent was "95%" ethanol; TT = 1.41 
IJ.S; ke\ = (5.6 ± 0.6) X 109 L mol-I S-I 
Xanthone associated with aggregates in aqueous me
dium; spectrum averaged during first 40 ns; spectrum 
blue-shifts at longer times indicatmg a shin in position 
in the aggregate 
Aqueous micelles 
Aqueous micelles 

Delay 200 ns 

79BOO7 
80A338 
767171 
767171 

767171 

84N163 

83N127 
84N197 

S3E483 

tTriplet ET from anthracene; it was not reported 733001 
whether the solvent was hexane or benzene 
tTriplet ET from naphthalene; 'TT = 9.4 IJ-S SOA143 

Benzene was wet 58R002 

,Phosphorescence decay, oxygen quenching; cyto- 81E091 
chrome c is from horse heart, type III; 'TT 1(J(X) f.t8 
,Phosphorescence decay, oxygen quenching; cyto- 81E091 
chrome c is from horse heart, type III; solvent contains 
33% glycerol; TT = 14100 p,s 

Shoulder at 4628 nm; 430 nm was the more intense peak 747293 

73E345 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method hmax , Emu 

Inm IL mol-I cm- I 

1127. Zinc(II) etioporphyrin I/Hexachloroethane 
Benzene FP 434" 

1128. Zinc(lI) etioporphyrin I/trans-4-Nitrostilbene 

1129. 

1130. 

1131. 

1132. 

1133. 

1134. 

1135. 

1136. 

1137. 

1138. 

Benzene FP 450 

Zinc(II) etioporphyrin I/4-Nitrotoluene 
Benzene FP 440 

Benzene FP 532ft 

4398 

Zinc(II) pbthalocyanine 
l-Chloronaphthalene LP/TD 480,34000 ± 4000 
1-Chloronaphthalene LP/SM 480, 16000 ± 3000 
Benzene FP/? 545,44000 

450,51000 
Dimethylacetamide- LP/SD 490,32500 
/Water 
PrOH FP/SD 470,33000 

Zinc(I1) porpbyrin 
CTAC LP/SM 84O,7()()()B 

74OB, 5000a 

460, 10000 
DODAC LP/SM 840, noaa 

740", 5()()()" 
6W,3200' 

Dimethyl phthalate FP/SD 811a, 11100· 
4278

, 1670008 

3898 ,46300' 

Zinc(II) protoporphyrin 
MeOH FP 455 

Zinc(II) tetrabenzoporphyrin 
Pyridine FP/SD 490,74000 

410,37000 

Zinc(II) tetraetbylporpbyrin 
Pyridine FP/SD 8458 

790a 

Zinc(I1) tetrakis(carboxypbenyl)porpbyrin 
Water LP 82D" 

7lD" 
680"-

Water LP 830 
730 

Zinc(I1) tetrakis(2,6-dimethyl-4-sulfonatophenyl)porphyrin 
Water LP/TD 830,6000 

Zinc(I1) tetrakis(2-N .metbylpyridyl)porphyrin 
Water LP 8~O 

Zinc(lI) tetrakis(3-N .metbylpyridyl)porphyrin 
Water LP 
Water LI'/SD 

830 
51Sb, 3900 

545b, 8300 
460 
44Ob,57000 
390b

, 18000 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

Comment Ref. 

Shoulder at 4588 nm 747293 

Triplet exciplex; assigned as a 1:2 complex of the por- 717463 
phyrin to the stilbene 

Triplet exciplex; assigned as a 1:2 complex of the por- 717463 
phyrin to 4-nitrotoluene 
Shoulder at 462" nm: 439 nm was the more intense peak 747293 

Amax and E method inferred from text 
fTriplet ET to p-carotene: Amall inferred from text 
Method to be published 

Solvent was 7:3 dimethyl acetamide to water 

81E457 
81E457 
81E346 

82A290 

73E345 

50 ns delay: aqueous micelle; E method uncertain: TT = 80NOS7 
200 p.s 

Cationic vesicle; E method uncertain: TT -500 p.s 80N035 

Shoulder at 487 nm 74B007 

58R002 

fPhosphorescence decay; 'TT = 525 p.s 73E345 

74B007 

Most intense peaks at 710 nm and 680 nm; decay fol- 80A074 
lowed at 840 nm: pH 7 

TT 1300 p.s 

Shoulder at 7~O nmi TT 1400 :!: 140 ,...s; pH 6.0 

Shoulder at 750 nm; TT = 2000 ± 200 ,",s; pH 6.0 
tOxygen quenching; Tr ~ 18oo,..,s 

82E622 

84E203 

84E346 

84E346 
84A264 
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TABLE 6. Spectral parameters for triplet-triplet absorption of organic molecules in condensed phases - Continued 

No. Solvent Method Ema. 

Inm /L mol-I cm- I 

1139. Zinc(lI) tetrakis(4·N-methylpyridyl)porphyrin 
Water LP 1040' 

Water LP/TD 

Water LP/TD 

1000' 
9:>U· 

890' 
830" 
790· 
73U' 

1020, 7200 ± 700 
470b

, 60800 ± 6100 

465b
, 38400 ± 3800 

1020, 7200 ± 700 

1140. Zinc(II) tetrakisCp-sulfonatopbenyl)porphyrin 
MeOH LP 840 
Water LP 840 

Water LP/TD 

Water (293 K) LP/TD 
Water LP/TD 

780' 
750' 
660" 
840, 6000 ± 600 
730 
460b

, 55200 ± 5500 

470
b

, 45000' 
840,6000 

1141. Zinc(II) tetrakis(trimethylaminophenyl)porpbyrin 

Water LP/TD 840,5000 

1142. Zinc(II) tetraphenylchlorin 
Dimethyl phthalate FP ISD 

1143. Zinc(II) tetraphenylporphyrin 
Benzene LP /TD 

CTAC LP 

MCH 

SIIS 

Toluene 

Toluene 
Triton X·lOO 

FP/TD 

LP 

FP/SD 

LP 
LP 

730 

447" 

845,8200 

840 
720' 
460 

470,71000 
400,38000 
840 
640 
845, 8200 

745,5300 
470,74000 

400,42000 
750 
840 
460 

Comment Ref. 

Most intense peaks at 1040 nm and 840 nm; decay 80A074 

followed at 840 nm; 7T = 1.3 X 103 J.Ls; pH 7 

Shoulders at 949 and 860 nm 82E622 

Shoulder at 950 nm; TT = 2000 ± 200 J.Ls; pH 6.0 84E346 

TT = - 80 f-Ls 82N068 
Most intense peak at 840 nm; decay followed at 840 80A074 
nm; TT = 1.5 X 103 ,...s; pH 7 

pH 7.0 ± 0.1 
rl - 1400 I-l's 

TT 1200 !-,-S 

TT = >2500 J.Ls 

82£622 

82A306 
84E203 

83E462 

74B007 

84E203 

80N044 

tOxygen quenching; 7T = 1200 J.Ls 81E271 

Ayut:ou:s mil.,;lut:lUul:;iun, UIUp1t:t li1uiu:; 17 nm; TT = 80N143 

1700 J.Ls 
TT = 1250 J.Ls 60E006 

SOBIOI 
Relative intensities (1:10); aqueous micelle; TT = 2500 81N034 
J.Ls 

• Data have been ohtained hy comflllter-a~~i~tp.d nigiti:mfinn from ~flectrnm in citf"n referf':n~f" 
b (Wavelength, extinction coefficient) pair is not necessarily related to a spectral peak 

C Measurement violates Chauvenet's criterion, see Section 4.2.2 
d Measurement not included in averages because of systematic error 

e Mea~lIrf"ment not included in averages !Olince performed in mixed crystals:, neat liquids:, or micelles: 

t Evidence supporting the assignment of the transient as a triplet state 
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10. Indexes to Table 6 

10.1.Compound Name Index 

I(2H)-Aceanthrylenone, 2-methyl.; 690. 
Acenaphthene 1. 
Acenaphthene, 5-nitro- 811. 
Acenaphthene, (I-phenylvinyl)- 4. 
Acenaphthylene, cis -photodimer 2. 
Acenaphthylene, trans-photodimer 3. 
l-Acenaphthyl-1-phenylethylene 4. 
Acetamide, N -[2-[(2-bromo-6-cyano-4-nitrophenyl)azo]-

5-[ (2-cyanoethy 1)(2-h ydroxyethy l)amino ]-
4-methoxyphenyl]- 218. 

Acetamide, N -[2-[ (2-bromo-4,6-dinitrophenyl)azo]-
5-[(2-cyanoethyl)(2-hydroxyethyl)amino]-
4-methoxyphenyl]- 219. 

Acetamide,N -[2-[(2-chloro-4,6-dinitrophenyl)azo]-
5-[ (2-cyanoethyl)(2-hydroxyethyl)amino]-
4-methoxyphenyl]- 270. 

Acetamide, N -[5-[(2-cyanoethyl)(2-
hydroxyethyl)amino ]-
2-[(2,4-dinitrophenyl)azo]-
4-methoxyphenyl]- 312. 

Acetic acid, I-naphthyl ester 791. 
I' -Acetonaphthone 5. 
2' -Acetonaphthone 6. 
Acetone 7. 
Acetone, I-benzoyl- 146. 
Acetone, I-benzoyl-3,3,3-trifluoro- 158. 
Acetophenone 8. 
Acetophenone, 2-(N -acetylamino)- 16. 
Acetophenone, 2-(N -acetyl-N -methylamino)- 18. 
Acetophenone, conjugate acid 9. 
Acetophenone, 2-(N -formylamino)- 17. 
Acetophenone, 2-(N -formyl-N -methylamino)- 19. 
Acetophenone, a-hydroxy-a-phenyl- 124. 
Acetophenone, 3-methoxy- 661. 
Acetophenone, 4-methoxy- 662. 
Acetophenone, 3-methyl- 691. 
Acetophenone, 4-methyl- 692. 
Acetophenone, a-phenyl- 332. 
Acetophenone, 4-(trifluoromethyl)- 1081. 
2Acetoxy2methyl-l-phenyl-l-propanone 10. 
Acetylacetone 11. 
Acetylacetone, 1,1,1,5,5,5-hexafluoro- 607. 
(E)-1-Acetyl-2(l-acetyl-l,3-dihydro-3-oxo-2H -indol-

2-ylidene )-1 ,2-dihydro-3H -indol-3-one 334. 
2-(N -Acetyl amino )acetophenone 16. 
l-Acetylanthracene 12. 
9-Acetylanthracene 13. 
4-Acetylbiphenyl 14. 
Acetylene, diphenyl- 527. 
Acetylene, l-ethyl-2-phenyl- 237. 
Acetylene, I-methyl-2-phenyl- 928. 
Acetylene, phenyl- 873. 
3-Acetyl-9, lO-epoxy-9, lO-dihydrophenanthrene 15. 

2-(N -Acetyl-N -methylamino )acetophenone 18. 
N -(2-Acetylphenyl)acetamide 16. 
N-(2-Acetylphenyl)formamide 17. 
N -(2-Acetylphenyl)-N -methylacetamide 18. 
N -(2-Acetylphenyl)-N -methylformamide 19. 
N'-Acetylsulfanilamide 1009. 
3-Acetyltriptycene 20. 
N -Acetyl-L-tryptophanamide 21. 
Acid Red 94 988. 
Acridan 22. 
Acridine 23. 
Acridine, 9-amino- 33. 
Acridine, 3,6-bis(dimethylamino)-, conjugate monoacid 25. 
Acridine, 3,6-bis(dimethylamino)- 26. 
Acridine, 3,6-bis(methylamino)-, conjugate monoacid 94. 
Acridine, conjugate acid 28. 
Acridine, 3,6-diamino-. conjugate diacid 922. 
Acridine, 3,6-diamino-, conjugate mono acid 923. 
Acridine, 3,6-diamino-, hydrochloride 921. 
Acridine, 3,6-diamino-2,7-dimethyl-, conjugate mono acid 27. 
Acridine, 3,6-diamino-2, 7 -dimethyl-9-phenyl-, 

monohydrochloride 119. 
Acridine, 3,6-diamino-9-phenyl-, conjugate monoacid 

898. 
Acridine, 3,6-diamino-2,7,9-trimethyl-, conjugate 

monoacid 580. 
Acridine, 9, lO-dihydro-9-phenyl- 874. 
Acridine, 9, lO-dihydro-N -phenyl- 875. 
Acridine, 9-methyl- 693. 
Acridine-d9 24. 
Acridine Orange, conjugate monoacid 25. 
Acridine Orange, free base 26. 
Acridine Yellow, conjugate monoacid 27. 
2-Acridinesulfonate ion, 9,lO-dihydro-9-oxo- 424. 
2-Acridinesulfonic acid, 9,lO-dihydro-9-oxo- 425. 
9(lOH)-Acridinethione, lO-methyl- 694. 
Acridinium, 3,6-diamino-lO-methyl- 30. 
Acridinium ion 28. 
9(lOH)-Acridinone, lO-ethyl- 569. 
9(lOH)-Acridinone 29. 
9(lOH)-Acridone 29. 
Acriflavine cation 30. 
Alloxazine 31. 
Amiloride 32. 
Aminacrine 33. 
9-Aminoacridine 33. 
I-Amino-4-anilinoanthraquinone 34. 
2-Aminoanthracene, conjugate acid 35. 
l-Aminoanthraquinone 36. 
2-Aminoanthraquinone 37. 
6-Amino-7H -benz[de ]anthracen-7-one 38. 
6-Aminobenzanthrone 38. 
2-Aminobenzoic acid 39. 
4-Aminobenzoic acid 40. 
3-Aminobenzophenone 41. 
4-Aminobenzophenone 42. 
4-Aminobiphenyl 43. 
2-Aminofluorene 44. 
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2-Aminotluorene 44. 
a-Amino-2-(formylamino)-I'-oxobenzenebutanoic acid 

599. 
I-Amino-4-hydroxyanthraquinone 45. 
4-Amino-4'-hydroxybiphenyl 46. 
2-[ 6-Amino-3-imino-3H -xanthen-9-yl]benzoic acid, 

monohydrochloride 982. 
2-Amino-3-( 4-methoxy-6-benzothiazolyl)propionate ion 

47. 
l-Amino-4-(N -methyl amino )anthraquinone 48. 
7 -Amino-4-methylcarbostyril 49. 

4-Amino-2-methyl-IH -isoindole-l ,3(2H)-dione 50. 
3-Amino-N -methylphthalimide 50. 
4' -Aminomethyl-4, 5' ,8-trimethylpsoralen 51. 
2-Aminonaphthalene 766. 
I-Amino-7 -nitro fluorene 52. 
l-Amino-4-nitronaphthalene 53. 
trans -4-Amino-4' -nitrostilbene 54. 

N -[2-(3-Amino-l-oxopropyl)phenyl]formamide 55. 
9-Aminophenanthrene 56. 
2-Amino-4-[3H]pteridinone 57. 
2-Aminopurine 58. 
2-Aminopyridine 59. 
4-Aminopyridine 60. 
Angclicin 640. 

Aniline 61. 
Aniline, 4-(4,6-dichloro-I,3,5-triazin-2-yl)-N,N-diethyl-

379. 
Aniline, N ,N -dimethyl- 470. 
Aniline/Eosin 557. 
4-Anilinobenzanthrone 877. 
l-Anilinonaphthalene 62. 
Anisole 63. 
Anisole, 4-tert -butyl-3,5-dinitro- 233. 
Anisole, 3,5-dinitro- 515. 
Anisole, 3-nitro- 813. 
Anisole, 4-nitro- 814. 
Anthanthrene 344. 
Anthanthrone 346. 

Anthracene 64. 
Anthracene, l-acetyl- 12. 
Anthracene, 9-acetyl- 13. 
Anthracene, 2-amino-, conjugate acid 35. 
Anthracene, 9-benzoyl- 148. 
Anthracene, 9-benzoyl-l0-bromo- 149. 
Anthracene, 9-benzoyl-l0-chloro- 150. 
Anthracene, lO-benzoyl-9-cyano- 151. 
Anthracene, 9-benzoyl-l0-nitro- 154. 
Anthracene, 9,lO-bis{phenylethynyl)- 211. 
Anthracene, 9-bromo- 215. 
Anthracene, 9-butyryl- 239. 
Anthracene, 9-cinnamoyl- 296. 
Anthracene, 9-cyano- 308. 
Anthracene, 9-cyano-1O-nitro- 315. 
Anthracene, 9,10-dibromo- 358. 
Anthracene, 1,5-dichloro- 369. 
Anthracene, 9,10-dichloro- 370. 
Anthracene, 9,10-dicyano- 381. 
Anthracene, I,3-dimethyl- 472. 
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Anthracene, ~,lO-dimethyl- 473. 

Anthracene, 9-[4-(dimethylamino)phenyl]- 463. 
Anthracene, 9,10-diphenyl- 529. 
Anthracene, I-hydroxy- 80. 
Anthracene, 2-hydroxy- 81. 
Anthracene, 9-hydroxy- 82. 
Anthracene, 2-iodo- 632. 
Anthracene, 9-iodo- 633. 
Anthracene, 2-methyl- 699. 
Anthracene, 9-methyl- 700. 
Anthracene-d IZ, 9-methyl- 701. 

Anthracene, 9-naphthoyl- 790. 
Anthracene, 9-nitro- 815. 
Anthracene, 9-phenyl- 878. 
Anthracene, 9-propionyl- 925. 
Anthracene, 1,5,9,10-tetrachloro- 1022. 
Anthracene, 2,9,10-trichloro- 1077. 
Anthracene-dIU 65. 

Anthracene/Chloranil 66. 
9-Anthraceneacetic acid, methyl ester 67. 
9-Anthracenecarbonitrile 308. 
Anthracene-9-carboxaldehyde 68. 
Anthracene-9-carboxamide 69. 
Anthracene-2:..carboxylate ion 79. 
Anthraccnc-9-carboxylic acid, phenylmethyl ester 159. 
Anthracene-9-carboxylic acid 70. 
9,10-Anthracenedione, l-amino-4-(methylamino)- 48. 
9,1O-Anthracenedione, 1,4-bis(methylamino)- 207. 
Anthracene photodimer 71. 
Anthracene-tetracene photodimer 72. 
9-Anthracenol, 9,1 O-dihydro-l 0-(1 O-hydroxy-

9(10H)anthraccnylidcnc)- 436. 

9-Anthracenone, 
lO-(1,3-dimethyl-l0-oxo-9-anthracenylidene)-
2,4-dimethyl-, (E)- 1046. 

[2.2](1,4)(9,1O)-Anthracenophane 73. 
anti -[2.2](I,4)-Anthracenophane 74. 
syn-[2.2](1,4)-Anthracenophane 75. 
9-Anthraldchydc 68. 

Anthranilic acid 39. 
Anthranol 82. 
Anthraquinone 76. 
Anthraquinone, l-amino- 36. 
Anthraquinone, 2-amino- 37. 
Anthraquinone, l-amino-4-anilino- 34. 
Anthraquinone, l-amino-4-hydroxy- 45. 
Anthraquinone, I-chloro- 263. 
Anthraquinone, 2-chloro- 264. 
Anthraquinone, 1,4-diamino- 335. 
Anthraquinone, 1,8-dichloro- 371. 
Anthraquinone, 2-piperidino- 911. 
Anthraquinone-2,6-disulfonate ion 77. 
9,10-Anthraquinone-2-sulfonate ion 78. 
Anthraquinone-2-sulfonate ion 78. 
2-Anthroate ion 79. 
l-Anthrol 80. 
2-Anthrol 81. 
9-AnthroI82. 
Anthrone 83. 
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9-Anthronitrile, IO-nitro- 315. 
I-Anthryl diisopropyl borate 84. 
2-Anthryl diisopropyl borate 85. 
9-Anthryl diisopropyl borate 86. 
9-Anthryl ethenyl ketone 87. 
9-Anthryl ethyl ketone 925. 
l-Anthryl methyl ketone 12. 
1-(2-Anthryl)-2-(2-naphthyl)ethylene 88. 
9-Anthryl I-naphthyl ketone 790. 
1-(2-Anthryl)-2-phenylethylene 89. 
9-Anthryl phenyl ketone 148. 
9-Anthryl propyl ketone 239. 
9-Anthryl styryl ketone 296. 
1-(2-Anthryl)-2-(2-thienyl)ethylene 90. 
Astacene 91. 
Astacin 91. 
Astaxanthin 92. 
Auramine 0 93. 
Aurophosphine, conjugate mono acid 94. 
l-Azaphenanthrene 139. 
4-Azaphenanthrene 140. 
9-Azaphenanthrene 859. 
l-Azoniaphenanthrene 141. 
4-Azoniaphenanthrene 142. 
Azulene 95. 
Azulene, 1 ,4-dimethyl-7 -isopropyl- 488. 
Azure A 96. 
Azure A cation 97. 
Azure B 98. 
Azure C 99. 
BBO 357. 
BBOT 189. 
Bacteriochlorophyll 100. 
Basic Red 1 984. 
Basic Violet 10 983. 
Basic Violet 3 307. 
Basic Yellow 2 93. 
l,2-Ben:zacridine 101. 
3,4-Benzacridine 102. 
Benz[a ]acridine 101. 
Benz[c ]acridine 102. 
Benz[b ]acridin-12(SH)-one 103. 
Benzaldehyde 104. 
Benzaldehyde, 4-phenyl- 175. 
Benzamide 105. 
1,2-Benzanthracene 106. 
2,3-Benzanthracene 1021. 
Benz[a ]anthracene 106. 
Benz[b ]anthracene 1021. 
7H -Benz[de ]anthracen-7-one, 6-amino- 38. 
7H-Benz[deJanthracen-7-one 107. 
Benzo.nthrone 107. 
Benzanthrone, 6-amino- 38. 
Benzanthrone, 4-anilino- 877. 
Benzanthrone, 6-hydroxy- 612. 
Benzanthrone, 3-methoxy- 663. 
Benz[a ]azulene 108. 
Benzenamine, 4-[ (2-bromo-4,6-dinitrophenyl)azo]

N,N-dimethyl- 220. 

Benzenamine, 
4-[(2-bromo-4-nitrophenyl)azo ]-N ,N -dimethyl- 226. 

Benzenamine, N,N-dimethyl-4-(2-nitroethenyl)- 465. 
Benzenamine, N,N-dimethyl-4-nitro- 497. 
Benzenamine, N ,N -dimethyl-4-[( 4-nitrophenyl)azo]- 498. 
Benzenamine, 4-[ (2,4-dinitropheny l)azo ]-N,N -dimethyl-

!520. 
Benzenamine, N,N -diphenYh conjugate acid 1093. 
Benzenamine, 4-nitro- 812. 
Benzene 109. 
Benzene, I-butenyl- 578. 
Benzene, I-butynyl- 237. 
Benzene, chI oro- 265. 
Benzene, cyano- 128. 
Benzene, 1,2-dicyano- 382. 
Benzene, 1,3-dicyano- 383. 
Renzene, 1 A-cll~y::mo- 3R4. 
Benzene, 1,2-dimethoxy-4-nitro- 452. 
Benzene, ethynyl- 873. 
Benzene, fluoro- 594. 
Benzene, methoxy- 63. 
Benzene, I-methoxy-4-nitro,;. 814. 
Benzene, (l-methyl-I-butenyl)- 724. 
Benzene, I-propynyl- 928. 
Benzene, 1,2,4,5-tetracyano- 1023. 
Benzene, 1,3,5-tricyano- 1078. 
Benzene, 1,3,5-triphenyl- 1094. 
Benzene-d6 110. 
Benzeneacetic acid, a-oxo-, butyl ester 232. 
Benzenebutanoic acid, a-amino-2-(formylamino)-y-oxo-

599~ 

Benzenecarbothioic acid, 4-(dimethylamino)-, 0-(2-
phenylethyl) ester 886. 

Benzenecarbothioic acid, 4-methoxy-, 0-(2-
phenylethyl) ester 887. 

1,4-Benzenedicarboxylic acid, 2-(9H -carbazoyl)ethyl 
methyl ester 665. 

l,4-Benzenedicarboxylic acid, 3-(9H -carbazoyl)propyl 
methyl ester 666. 

Benzenemethanesulfonate ion, 4-( oxophenylacetyl)- 958. 
1,2,4,5-Benzenetetracarbonitrile 1023. 
1,2,4,5-Benzenetetracarboxylic anhydride 953. 
Benzidine 111. 
Benzidine, N,N ,N' ,N'-tetramethyl- 1045. 
Benzill12. 
Benzil/Triethylamine 113. 
Benzo[a ]carbazole 114. 
Benzo[b ]carbazole 115. 
Benzofc ]carbazole 116. 
Benzo[b ]chrysene 117. 
Benzo[a 1coronene 118. 
SH -Benzocyclohcptene, 8-( I-no.phthyl)-6, 7 -dihydro-

793. 
Benzo[l ,2-c :4,5-c ']dipyrrole-l ,3,5, 7(2H ,6H)-tetrone, 

2,6-dipentyl- 525. 
Benzoflavine 119. 
1,2-Benzofluorene 120. 
2,3-Benzofluorene 121. 
3,4-Denzofluorcne 122. 
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Benzo[a ]fluorene 120. 
Benzo[ b ]fluorene 121. 
Benzo[c ]fluorene 122. 
Benzoic acid 123. 
Benzoic acid, 4-(Dimethylamino)-, methyl ester 717. 
Benzoic acid, 2-amino- 39. 
Benzoic acid, 4-amino- 40. 
Benzoic acid, 2-(dimethylamino)ethyl ester 457. 
Benzoic acid, 2-[6-( ethylamino )-3-( ethylimino)-

3H -xanthen-9-yl}, monohydrochloride 400. 
Benzoic acid, 2-methyl- 703. 
Benzoic acid, 3-methyl- 704. 
Benzoic acid, 4-methyl- 705. 
Benzoic acid, 4-(methylamino)- 695. 
Benzoic acid, methyl ester 702. 
Benzoin 124. 
Benzo[c ][1,5]naphthyridine 125. 
Benzo[c ][1,6]naphthyridine 126. 
Benzo[c][1,7]naphthyridine 127. 
Benzonitrile 128. 
Benzonitrile, 4-( 1-oxo-3-phenyl-2-propenyl)- 310. 
Benzo[rst ]pentaphene 129. 
BenzolKhi]perylene, 12a, 12b-dihydro- 408. 
1,12-Benzoperylene 130. 
Benzo"lKhi]perylene 130. 
Benzo[c ]phenanthrene 131. 
Benzophenazine 132. 
Benzophenone 133. 
Benzophenone, 3-amino- 41. 
Benzophenone, 4-amino- 42. 
Benzophenone, 4,4' -bis( dimethylamino)- 190. 
Benzophenone, 4-carboxy- 249. 
Benzophenone, 4-chloro- 266. 
Benzophenone, conjugate acid 134. 
Bt:llzupht:llum::, 4,4'-dichluru- 312. 
Benzophenone, 4,4' -dimethoxy- 445. 
Benzophenone, 4[2-[ 4-dimethylamino )phenyl]ethyl]- 464. 
Benzophenone, 4,4' -diphenyl- 530. 
Benzophenone, 4-fluoro- 595. 
Benzophenone, 2-hydroxy- 613. 
Benzophenone, 4-hydroxy- 614. 
Benzophenone, 4-methoxy- 664. 

Benzophenone, 2-methyl- 706. 
Benzophenone, 4-methyl- 707. 
Benzophenone. 4-phenyl- 879. 
Benzophenone, 4-sulfomethyl-, anion 1010. 
Benzophenone, 4-(trifluoromethyl)- 1082. 
Benzophenone, 2,4,6-triisopropyl- 1084. 
Benzophenone-(CH2)2-(N,N -dimethylaniline) 464. 
BenzolK ]pteridine-2,4(lH ,3H)-dione, 7,S-dimethyl- 644. 
Benzo[g ]pteridine-2,4-(3H, lOH)-dione, 7,8, lO-trimethyl-

645. 
BenzolK ]pteridine-2,4(IH ,3H)-dione 31. 
4H -1-Benzopyran-4-one, 3-hydroxy- 616. 
2H-I-Benzopyran-2-one, 4-hydroxy-6-methyl- 623. 
1-Benzopyran-4(4H)-one 294. 
1,2-Benzopyrene 137. 
3,4-Benzopyrene 137. 
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4,5-Benzopyrene 138. 
Benzo[a]pyrene/DNA 135. 
Benzo[ e ]pyrene/DNA 136. 
Benzo[a ]pyrene 137. 
Benzo[e ]pyrene 138. 
Benzo[a ]pyrene-7,8,9,IO-tetrol, 7,8,9,lO-tetrahydro-

1031. 
1,2-Benzopyrone 303. 
5,6-Benzoquinoline 139. 
7,8-Benzoquinoline 140. 
Benzo[f]quinoline 139. 
Benzo[h ]quinoline 140. 
Benzo[tJquinolizinium 141. 
Benzo[h ]quinolizinium 142. 
1,4-Benzoquinone, 2,3-dimethoxy- 446. 
1,4-Benzoquinone, 2,5-dimethoxy- 447. 
1,4-Benzoquinone, 2,3-dimethoxy-5-methyl- 450. 
1,4-Benzoquinone, 2,5-dimethyl- 474. 
l,4-Benzoquinone, 2,6-dimethyl- 475. 
1,4-Benzoquinone, 2,6-diphenyl- 531. 
l,4-Benzoquinone, methyl- 708. 
1,4-Benzoquinone, tetramethyl-552. 
l,4-Benzoquinone, 2,3,5-trimethyl- 1085. 
1,4-Benzoquinone 143. 
p -Benzoquinone 143. 
Benzothiazolium, 2-[ 4-(dimethylamino )phenyl]-

3,6-dimethyl-, chloride 1061. 
Benzo[ b ]thiophene-3(2H)-one, 

5-(I,I-dimethylpropyl)-2-[5-(I,I-dimethylpropyl)]-
3-oxobenzo[b )thien-2(3H)-ylidene)- 337. 

Benzo[b ]thiophene-3(2H)-one, 
5-(2,2-dimethylpropyl)-2-[5-(2,2-dimethylpropyl)]-
3-oxobenzo[b ]thien-2(3H)-ylidene)- 514. 

Benzo[ b ]thiophene-3(2H)-one, 
6-t:thoAY -3 -uAobt:IU.O[ b ]thieu -2(3H)-y Udelle)- 388. 

Benzo[ b ]thiophen-3(2H)-one, 
2-(3-oxobenzo[b ]thien-2(3H)-ylidene)- 1062. 

Benzorb ltriphenylene/Chloranill44. 
Benzo[ b ]triphenylene 145. 
Benzoxazole, 2-biphenylphenyl- 177. 
Benzoxazole, 2-( 4-biphenylyl)- 178. 
Benzoxazole, 2-(1-naphthyl)- 792. 
Benzoxazole, 2,2'-(1,4-phenylene)bis- 883. 
I-Benzoylacetone 146. 
Benzoylamino-2-a 2-thiazoline 147. 
9-Benzoylanthracene 148. 
4-Benzoylbenzoic acid 249. 
4-Benzoylbipheny1879. 
9-Benzoyl-l O-bromoanthracene 149. 
9-Benzoyl-l O-chloroanthracene 150. 
9-Benzoyl-10-cyanoanthracene 151. 
2-Benzoyl-N -methyl-B-naphthiazoline 152. 
8-Benzoylnaphtho[de-2.3.4]bicyclo[3.2.2]nona-2,6,8-triene 

153. 
9-Benzoyl-! O-nitroanthracene 154. 
2-Benzoylpyridine 155. 
3-Benzoylpyridine 156. 
4-Benzoylpyridine 157. 
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I-Benzoyl-3,3,3-trifluoroacetone 158. 
3,4-Benzphenanthrene 131. 
Benzyl 9-anthroate 159. 
Benzylideneacetophenone 258. 
I-Benzylisoquinoline-N -oxide 160. 
Benzyl phenyl ketone, conjugate acid 161. 
3-Bcnzyl-3-phenylphennnthro[9, lO-b ]furnn-2(3H)-one 

162. 
3-Benzyl-3,4,5-triphenyl-2(3H)-furanone 163. 
Bergapten 683. 
Biacetyl 164. 
9,9' -Bianthracene 165. 
9,9' -Bianthryl 165. 
9,9' -Bicarbazole 166. 
Bicyclo[2.2.1 ]hepta-2,5-diene, 7 -oxa-2,3-dibenzoyl- 833. 
Bicyclo[2.2.1 ]hepta-2,5~diene-2,3-diylbis[phenylmethanone] 

353. 
Bicyc1o[2.2.1 ]hept-2-ene, 7 -oxa-2,3-dibenzoyl- 834. 
Bicyc1o[2.2.I]hept-2.;ene, 2-phenyl- 896. 
Bicyc1o[2.2.2]octa-2,5-diene, 2,3-dibenzoyl- 354. 
Bi.,; ydu[2. 2. 2]u,,;la -2,5-uit:Ilt:-2,3uiy I1Jis[pht:1l y hut:thallullt:] 

354. 
Bifluorenylidene 167. 
21B -Biline-8, 12-dipropanoic acid, 

2, 17-diethenyl-l, 10, 19,22,23,24-hexahydro-
3,7,13, 17-tetramethyl-l, 19-dioxo- 168. 

21H -Biline-8, 12-dipropanoic acid, 
3, 18-dietht:uy 1-1, 19,22,24-lt:lrabyuru-
2,7,13,17-tetramethyl-I,19-dioxo- 169. 

(l5E)-2IH -Biline-8, 12-propanoic acid, 
3, 18-diethenyl-l, I 9, 22,24-tetrahydro-
2,7,13,17-tetramethyl-I,19-dioxo-, dimethyl ester 170. 

Bilirubin 168. 
Bilirubin IX 168. 
Biliverdin 169. 
Biliverdin, dimethyl ester 170. 
Biliverdin IX 169. 
1,1' -Binaphthyl, 3,4-dihydro- 409. 
1,1' -Binaphthyl, 3,4-dihydro-2' -methyl- 421. 
t, I' -Binaphthyl 171. 
2,2' -Binaphthyl 172. 
p ,p • -Biphenol 437. 
Biphenyl 173. 
Biphenyl, 4-acetyl- 14. 
Biphenyl, 4-amino- 43. 
Biphenyl, 4-amino-4' -hydroxy- 46. 
Biphenyl, 4-benzoyl- 879. 
Biphenyl, 4-bromo- 216. 
Biphenyl, 4-cyano- 309. 
Biphenyl, 4,4' -diamino- 111. 
Biphenyl, 4,4' -dibromo- 359. 
Biphenyl. 4.4'-dihydroxy- 437. 
Biphenyl, 4,4' -dimethoxy- 448. 
Biphenyl, 3,3' -dimethyl- 476. 
Biphenyl, 4-hydroxy- 615. 
Biphenyl, 4-iodo- 634. 
Biphenyl, 4-nitro- 816. 
Biphenyl, 2-(I-phenylethenyl)- 180. 
Biphenyl-dlO 174. 

4-Biphenylamine 43. 
4-Biphenylcarbonitrile 309. 
4-Biphenylcarboxaldehyde 175. 
Biphenylene 176. 
2-Biphenylphenylbenzoxazole 177. 
2-(4-Biphenylyl)benzoxazole 178. 
1-(4-Biphcnylyl)-3-chloro-l-propanonc 179. 
2-[I,I'-Biphenyl]-4-ylphenylbenzoxazole 177. 
1-(2-Biphenylyl)-1-phenylethylene 180. 
2-( 4-Biphenylyl)-5-phenyl-1 ,3,4-oxadiazole 181. 
2-( 4-Biphenylyl)-5-phenyloxazole 182. 
5" -[1,1' -Biphenyl]-4-yl-

1,1':4',I":3",I"':4''',1''''-quinquephenyl 183. 
6,6'-Biquinoline, conjugate diacid 185. 
2,2'-Biquinoline, conjugate monoacid 186. 
6,6'-Biquinoline, conjugate monoacid 187. 
2,2'-Biquinoline 184. 
2,5-Bis([I,I'-biphenyl]-4-yl)oxazole 357. 
Bis(2,2' -bipyridine )dichloroiridium(lII) ion 188. 
2,5-Bis( 5-tert -butyl-2-benzoxazolyl)thiophene 189. 
3,6-Bis(llimdhylaminu)a(;rillint::, (;unjugate munuadd 25. 
3,6-Bis(dimethylamino)acridine 26. 
4,4'-Bis(dimethylamino)benzophenone 190. 

6,6' -Bis(dimethylamino )-3,3' -diethyl-2,2' -thiacarbocyanine 
iodide 191. 

1,7 -Bis( dimethylamino )-I,4,6-heptatrien-3-one 192. 
2,5-Bis[7 -( dimethylamino )-2,4, 6-heptatrienylidene]-

.,;y(;lupt:ntanunt:: 193. 
3, 7-Bis( dimethylamino )-4-nitrophenothiazin-5-ium 722. 
1,9-Bis(dimethylamino)-1,3,6,8-nonatetraen-5-one 194. 
1 ,9-Bis( dimethylamino)-I A.6.8-nonatetraen-3-one 195. 
all-trans -1, 15-Bis(dimethylamino)-

1,3,6,8,10,12,14-pentadecaheptaen-5-one 196. 
2,6-Bis[5-(dimethylamino)-2,4-pentadienylideneJ

cyclohexanone 197. 
2,5-Bis[5-(dimethylamino)-2,4-pentadienylideneJ

cyclopentanone 198. 
3.7 -Bis(dimethvlamino)phenothiazin-5-ium 719. 
2,6-Bis[3-( dimethylamino )-2-propenylidene ]cyclohexanone 

199. 
4,4'-Bis( dimethyl amino )thiobenzophenone 200. 
all-crans -1, 13-Bis(dimethylamino)-

1,3,5,8,10, 12-tridecahexaen-7-one 201. 
all-trans -1, 13-Bis( dimethylamino)-

1,3,6,8,10, 12-tridecahexaen-5-one 202. 
all-trans -1,11-Bis( dimethylamino)-

1,3,6,8, 10-undecapentaen-5-one 203. 
Bis( dimethylformamide )phthalocyaninatoruthenium(II) 

204. 
Bis( dimethylsulfoxide )phthalocyaninatoruthenium(II) 

205. 
Bis(rlimethyls111foxide)phth::tlocyaninato-

ruthenium(II)/l,4-Dinitrobenzene 206. 
Bis(dimethylthiocarbamyl) disulfide 1050. 
9H -9-Bismafluorene, 9-phenyl- 880. 
3,6-Bis(methylamino)acridine, conjugate monoacid 94. 
1,4-Bis(methylamino)anthraquinone 207. 
I,I-Bis(l-naphthyl)ethylene 208. 
trans-l,2-Bis(1-naphthyl)ethylene 209. 
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trans -1,2-Bis(2-naphthyl)ethylene 210. 
9,1 O-Bis(phenylethyny l)anthracene 211. 
1 ,4-Bis[2-( 5-phenyloxazoly l)]benzene 885. 
rac-Bis[l-(l-pyrenyl)ethyl]ether 212. 
m,m I -Bitoluene 476. 
Bonellin 213. 
2,3-Bornanedione 243. 
Brilliant Sulfaflavine anion 214. 
9-Bromoanthracene 215. 
lO-Bromo-9-anthryl phenyl ketone 149. 
4-Bromobiphenyl 216. 
4-Bromo-l-cyanoisoquinoline-N -oxide 217. 
N -[2-[(2-Bromo-6-cyano-4-nitrophenyl)azo]-

5-[ (2-cyanoethyl)(2-h ydroxyeth y I )amino ]-
4-methoxyphenyl]acetamide 218. 

N -[2-[(2-Bromo-4,6-dinitrophenyl)azo]-
5-[ (2-cyanoethyl)(2-hydroxyethy l)amino]-
4-mcthoxyphcllyl]acetamide 219. 

4-[ (2-Bromo-4,6-dinitrophenyl)azo]-
N,N -dimethylbenzenamine 220. 

4-Bromoisoquinoline-N -oxide 221. 
Bromo(methanol)(phthalocyaninato )rhodium(III) 222. 
l-(Bromomethy l)naphthalene 223. 
1-Bromonaphthalene 224. 
2-Bromonaphthalene 225. 
4-[(2-Bromo-4-nitrophenyl)azo]-N,N -dimethylbenzenamine 

226. 
9-Bromophenanthrene 227. 
4-BromophenollEosin 558. 
(E)-1-Bromo-4-(2-phenylethenyl)benzene 229. 
1-Bromopyrene 228. 
rrans-4-Bromostilbene 229. 
2-Bromotriphenylene 230. 
1,3-Butadiene, l,4-diphenyl- 535. 
1,3-Butadiene, 1,1,4,4-tetraphenyl- 1052. 
Butadiyne, 1,4-diphenyl- 536. 
1,3-Butanedione, 1-phenyl- 146. 
1,3-Butanedione, 4,4,4-trifluoro-1-phenyl- 158. 
2,3-Butanedione 164. 
1,2,3-Butanetrione, 1-( 4-nitrophenyl)-

2-[( 4-methoxyphenyl)hydrazone]- 680. 
?-Rutanone 231. 
I-Butene-3-one 761. 
3-Buten-2-one, 4-(2,6,6-trimethyl-l-cyclohexen-l-yl)-

638. 
Butyl benzoylformate 232. 
5-Butyl-2-[5-butyl-3-oxobenzo[b ]thien~2(3H)-ylidene]-

benzo[b ]thiophen-3(2H)-one 364. 
4-tert -Butyl-3, 5-dinitroanisole 233. 
2-[ I-(Butylimino )ethyl]-5-methylphenol 234. 
2-tert -Buty 1-4-methy lindazole 235. 
N -Butyl-5-nitro-2-furamide 236. 
1-Butynylbenzene 237. 
Butyraldehyde 238. 
9-Butyrylanthracene 239. 
Cadmium(II) tetrabenzoporphyrin 240. 
Cadmium(II) tetraphenylporphyrin 241. 
Caffeine 242. 
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II-cis -C22 aldehyde 250. 
7,9-dicis-C I5 aldehyde 758. 
7-cis-C I5 aldehyde 756. 
9-cis-C I5 aldehyde 757. 
all-trans -C22 aldehyde 251. 
all-trans -C24 aldehyde 501. 
all-trans-C'7 aldehyde 750. 
all-trans -CIS aldehyde 755. 
Camphoroquinone 243. 
Canthaxanthin 244. 
Carbazole 245. 
Carbazole, 40 ,5a -dihydro- 410. 
Carbazole, N ,N' -dimethyl-3-anilino- 471. 
Carbazole, N -ethyl- 570. 
Carbazole, 9-[2-( 4-methoxycarbonylbenzoxy )ethyl]- 665. 
Carbazole, 9-[3-(4-methoxycarbonylbenzoxy)propyl]-

666. 
Carbazole-(CH2)2-(terephthalic acid methyl ester) 665. 
Carbazole-(CH2)3-(terephthalic acid methyl ester) 666. 
3-Carbethoxypsoralen 246. 
2.2'-Carbocyanine. l.I'-diethyl-. chloride, 392. 
4,4'-Carbocyanine, 1,1'-diethyl-, iodide 393. 
Carbostyril 247. 
Carbostyril, 7-amino-4-methyl- 49. 
Carbostyril, negative ion 248. 
4-Carboxybenzophenone 249. 
N -[9-(2-Carboxyphenyl)-6-(diethylamino)-3H -xanthen-

~-ylirlene]-N -ethylethanaminium chloride 983. 
11-cis-/3-apo-14'-CarotenaI250. 
/3-apo-l4'-Carotenal· 251. 
,B-apo-8'-CarotenaI252. 
lJ1;tJl-Carotene, all-trans -3,4-didehydro-

1,2,7' ,8' -tetrahydro-l-methoxy- 996. 
ljJ,ljJ-Carotene, all-trans-3,4-didehydro-

1,2,7' ,8' -tetrahydro-1-methoxy-2-oxo- 997. 
,B-Carotene, 7,7' -dihydro- 412. 
ljJ,ljJ-Carotene, all-trans-7,8-dihydro- 808. 
,B,E-Carotene, 3,3' -dihydroxy-, (3R ,3'R ,6'R)- 648. 
/3,/:J-Carotene, 3,3' -dihydroxy-, (3R ,3' R)- 1123. 
ljI-Carotene, 15-cis-7, 7',8,8', II, 11 ',12, 12'-octahydro- 908. 
ljJ,ljI-Carotene, 7,7',8,8',ll,ll',12,12'-octahydro- 909. 
l/J,l/J-Carotene, all-trans-3,3',4,4'-tetradehydro-l,1 ' ,2,2'-

tetrahydro-l,l'-dimethoxy- 998. 
ljJ-Carotene, 7,8,1l,12-tetrahydro- 255. 
15, 15'-cis-,B-Carotene 253. 
,B-Carotene 254. 
all-trans-ljJ-Carotene 649. 
(3R ,3'R )-,B,,B-Carotene-3,3' -diol 1123. 
(3R ,3'R ,6'R )-,G,E-Carotene-3,3'-diol 648. 
,B-Carotene4,4' -dione, 3,3' -dihydroxy- 92. 
,B,,B-Carotene-4,4' -dione 244. 
all-trans-,B,,B-Carotene-3,3',4,4' -tetrone 91. 
,-Carotene 255. 
,B-apo-8'-Carotenoic acid, methyl ester 256. 
,B-apo-6'-Carotenoic acid, 

4-[ tri( 4-methylphenyl)porphinyl]-3-phenoxypropyl 
ester 1090. 

4-(/3-apo -7'-Carotenyl)benzyl pyropheophorbide 257. 
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Chalcone 258. 
Chalcone, 4' -cyano- 310. 
Chalcone, 4-(dimethylamino)- 455. 
Chalcone, 4-methoxy- 667. 
Chloranil 259. 
ChloranillDcnzo[b ]triphcnylcnc 144. 
Chioranilrrriphenylamine 260. 
Chloroaluminum phthalocyanine 261. 
l-Chloroanthracene 262. 
l-Chloroanthraquinone 263. 
2-Chloroanthraquinone 264. 
10-Chloro-9-anthryl phenyl ketone 150. 
Chlorobenzene 265. 
4-Chlorobenzophenone 266. 
(2'-ChlorobenzoyI)amino-2-A2-thiazoIine 267. 
(4' -Chlorobenzoyl)amino-2-A 2-thiazoline 26~. 
4-Chloro-6-[4-(diethylamino)phenylJ-N,N -dImethyl-

1 3 5-triazin-2-amine 269. 
2-Chl~ro-l O-dimethylaminopropylphenothiazine 292. 
2-Chloro-N,N -dimethyl-! 011 -phenothiazinc-10-propanamine 

292. 
N -[2-[ (2-Chloro-4, 6-dinitrophen y l)azo ]-

5-[ (2-cyanoethyl)(2-hydroxyethyl)amino]-
4-methoxyphenylJacetamide 270. 

3-Chloro-2, 6-diphenyl-l A-benzoquinone/ 4-Methoxy
N,N -dimethylaniline 271. 

3-Chloro-2,6-diphenyl-l,4-benzoquinonelNaphthalene 
272. 

3-Chloro-2,6-diphenyl-l,4-benzoquinone/N,N,N',N'
Tetramethyl-p -phenylenediamine 273. 

3-Chloro-2,6-diphenyI-l,4-benzoquinone/ 
1 2 3-Trimethoxybenzene 274. 

3-Chl~ro-2,6-diphenYI-l ,4-benzoquinonerrriphenylamine 
275. 

Chloroindium(III) phthalocyanine 276. 
Chloro(methanol)(phthalocyaninato )rhodium(III) 277. 
l-(Chloromethyl)naphthalene 278. 
l-Chloronaphthalene 279. 
2-Chloronaphthalene 280. 
3-Chloro-l-(2-naphthyl)-I-propanone 281. 
(Z)-I-Chloro-4-(2-phenylethenyl)benzene 288. 
(E)-I-Chloro-4-(2-phenylethenyl)benzene 289. 
1-(2-Chlorophenyl)naphthalene 282. 
1-( 4-Chlorophenyl)naphthalene 283. 
Chlorophthalocyanatoindium(III) 276. 
Chlorophyll a 284. 
Chlorophyll b 285. 
Chlorophyll a dimer 286. 
Chlorophylline 287. 
cis -4-Chlorostilbene 288. 
trans -4-Chlorostilbene 289. 
2-Chlorothioxanthen-9-one 290. 
6-Chloro-l ,3,3-trimethyl-6' -nitro-

spiro-(2,2' -indolin[2H -1 Jbenzopyran) 291. 
Chlorpromazine 292. 
4-Chromanone 293. 
2H -Chromene, 8-methoxy-2,2,3-trimethyl-6-nitro- 686. 
Chromone 294. 

Chromone, 3-hydroxy- 616. 
Chrysene 295. 
9-Cinnamoylanthracene 296. 
Citropten 449. 
7,9-dicis-C I8 ketone 754. 
7-cis-Cls ketone 752. 
9-cis-C18 ketone 753. 
all-trans-Cls ketone 751. 
Coppcr(U) phthalocyaninc 297. 

Coproporphyrin I, tetramethyl ester 300. 
Coproporphyrin III 298. 
Coproporphyrin III, tetramethyl ester 299. 
Coronene 301. 
Coronene-d 12 302. 
Coumarin 303. 
Coumarin, 7-diethylamino-4-methyl- 390. 
Coumarin, 5,7-dimethoxy- 449. 
Coumarin, 4-hydroxy- 617. 
Coumarin, 4-hydroxy-6-methyl- 623. 
Coumarin, 7-hydroxy-4-methyl- 624. 
p -Cresol 304. 
Crocetin 305. 
a-Crocetin 305. 

Croconate Blue dianion 306. 
Cryptocyanine 393. 
Crystal Violet 307. 
2,2' -Cyanine, 1, I' -diethyl-, iodide 394. 
2,2'-Cyanine, 1,1'-diethyl-6-bromo-, iodide 391. 
2,2'-Cyanine, l,l'-diethyl-6-iodo-, iodide 396. 
9-Cyanoanthracene 308. 
4-CyanobiphenyI309. 
4' -Cyanochalcone 310. 
trans -4-Cyano-4' -dimethylaminostilbene 311. 
N -[5-[(2-Cyanoethyl)(2-hydroxyethyl)amino]-

2-[(2,4-dinitrophenyl)azo]-4-methoxyphenyl]
acetamide 312. 

l-Cyano-4-mcthoxynaphthalenc 674. 
trans -4-Cyano-4' -methoxystilbene 313. 
l-Cyanonaphthalene 314. 
9-Cyano-l0-nitroanthracene 315. 
trans-4-Cyanostilbene 316. 
Cyc1[3.3.3Jazine 951. 
Cyclobuta[I,2:3,4]dicyc1oheptene, 1,2,3,4,5,6,7,8,9,10-

decahydro-l, 1,5,5,6,6, 10, 10-octamethyl- 330. 
1,2-Cyc1obutanedicarboxylic acid, 3,4-di-l-naphthyl-, 

dimethyl ester, (la,2a,3~,4J3)- 506. 
tram: -9,9' -(1, 2-Cyclobutanediyl)bis-9H -carbazole 366. 
Cyclobutene, 1,2-diphenyl- 537. 
1,3-Cycloheptadiene 317. 
2-Cyc1ohepten-l-one 318. 
1-( l-Cyclohepten-l-yl)naphthalene 319. 
2-(I-Cyc1ohepten-l-yl)naphthalene 320. 
1,3-Cyclohexadiene 321. 
2,5-Cyc1ohexadiene-l A-dione, 2, 3, 5, 6-tetramethyl-, 

conjugate monoacid 554. 
Cyclohexanone, 

2,6-bis[5-(dimethylamino)-2,4-pentadienylidene]- 197. 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 



212 I. CARMICHAEL AND G. L. HUG 

Cyclohexanone, 
2,6-bis[3-( dimethylamino )-2-propenylidene]- 199. 

Cyclohexanone, 
2-[7 -( dimeth y lamino )-2,4,6-heptatrien ylidene]-
6-[5-(dimethylamino)-2,4-pentadienylidene]- 458. 

Cyclohexene, I-phenyl- 881. 
Cyclohexene-l-one, 3,5,5-trimethyl-2-phenoxy-2- 1089. 
2-Cyclohexen-l-one, 2-(2-naphthyloxy)-3,5,5-trimethyl-

799. 
2-Cyclohexen-l-one 322. 
1-( l-Cyclohexen-l-yl)naphthalene 323. 
1,3-Cyclooctadiene 324. 
l-(l-Cycloocten-l-yl)naphthalene 325. 
Cyclopentadiene 326. 
Cyclopentanone, 2,5-bis[7 -( dimethylamino)-

2,4,6-heptatrienylidene]- 193. 
Cyclopentanone, 2,5-bis[5-( dimethylamino)-

2,4-pentadienylidene]- 198. 
2-Cyclopentenone 327. 
l-(l-Cyclopenten-l-yl)naphthalene 328. 
2-(1-Cyclopenten-I-yl)naphthalene 329. 
9B -Cyclopropa[e ]pyrene, 8b ,9a -dihydro- 413. 
DNA/Bcnzo[a ]pyrene 135. 
DNA/Benzo[e ]pyrene 136. 
1,2,3,4,5,6,7,8,9,1 O-Decahydro-l, 1,5,5,6,6,10,10-

octamethylcyclobuta[1,2:3,4]dicycloheptene 330. 
(all-E)-1,3,5,7,9-Decapentaene, 3,8-dimethyl-

1,10-bis(2,6,6-trimethyl-l-cyclohexen-l-yl)- 477. 
Decapreno-J3-carotene 331. 
3, 5, 7,9-Decatetraen-2-one, 10-(dimethylamino)- 456. 
Deoxybenzoin 332. 
Deuteroporphyrin, dimethyl ester 333. 
Diacety1164. 
trans-N,N'-Diacetylindigo 334. 
3,6-Diaminoacridine, conjugate diacid 922. 
3,6-Diaminoacridine, conjugate monoacid 923. 
3,6-Diaminoacridine, hydrochloride 921. 
1,4-Diaminoanthraquinone 335. 
4,4' -Diaminobiphenyl 111. 
3,6-Diamino-2,7-dimethylacridine, conjugate mono acid 

27. 
3,6-Diamino-2, 7 -dimethyl-9-phenylacridine, 

mono hydrochloride 119. 
3,7-Diamino-2,8-dimethyl-5-phenylphenazinium 990. 
3,7 -Diamino-2,8-dimethyl-5-phenylphenazinium, 

conjugate diacid 991. 
3,7 -Diamino-2,8-dimethyl-5.:phenylphenazinium, 

conjugate monoacid 992. 
4,7 -Diamino-lH -isoindole-l ,3 (2H)-dione 336. 
3,6-Diamino-l0-methylacridinium 30. 
3,7-Diamino-S-phcnosclcnazinium, conjugate monoaeid 

994. 
3,7 -Diamino-5-phenoselenazinium 993. 
3,7-Diamino-5-phenothiazinium; conjugate monoacid 

1064. 
3,7 -Diamino-5-phenothiazinium 1063. 
3,7-Diamino-5-phenoxazinium, conjugate monoacid 836. 
3,7-Diamino-5-phenoxazinium 835. 
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3,6-Diamino-9-phenylacridine, conjugate monoacid 898. 
3,6-Diaminophthalimide 336. 
p,p '-Diaminoquaterphenyl 959. 
p ,p' -Diaminoterphenyl 1011. 
3,6-Diamino-2,7,9-trimethylacridine, conjugate 

monoacid 580. 
5,5' -Di-tert -amylthioindigo337. 
8,8' -Diapocarotenedioic acid 305. 
1,S-Diazabicyclo[3,3,O]octa-3,7-diene-2,6-dione, 

3,4,7,8-tetramethyl- 1047. 
1,S-Diazaphenanthrene 862. 
1,8-Diazaphenanthrene 865. 
2,10-Diazaphenanthrene 127. 
2,5-Diazaphenanthrene 863. 
3,10-Diazaphenanthrene 126. 
3,5-Diazaphenanthrene 864. 
4,10-Diazaphenanthrene 125. 
4,5-Diazaphenanthrene 861. 
1,2,5,6-Dibenzacridine 339. 
Dibenz[a j]acridine/PrOH 338. 
Dibenz[a,h ]acridine 339. 
1,2,7,8-Dibenzanthanthrene 937. 
1,2,3,4-Dibcnzanthraccnc 145. 
1,2,5,6-Dibenzanthracene 341. 
Dibenz[a,h ]anthracene/Chloranil 340. 
Dibenz[a,h ]anthracene 341. 
SH -Dibenzobismole, 5-phenyl- 880. 
3,4,5,6-Dibenzocarbazole 342. 
7 H -Dibenzo[ c ,g ]carbazole 342. 
Dibenzo[ b ,denchrysene 343. 
Dibenzo[def,mno ]chrysene 344. 
Dibenzo[ def,p ]chrysene 345. 
Dibenzo[def,mno ]chrysene-6, 12-dione 346. 
Dibenzo[g ,p ]chrysene 347. 
5H -Dibenzo[a ,d]cycloheptene 348. 
5H -Dibenzogermole, 5,S-diphenyl- 540. 
Dibcnzo[c,g Jphenanthrenc 847. 
Dibenzophenazine 349. 
5H -Dibenzophosphole, 5-phenyl- 897. 
6H -Dibenzo[ b ,d]pyran-6-one 350. 
1,2:3,4-Dibenzopyrene 345. 
1,2:4,5-Dibenzopyrene 783. 
3,4:8,9-Dibenzopyrene 343. 
3,4:9,lO-Dibenzopyrene 129. 
Dibenzo[a,e ]pyrene 783. 
Dibenzo[a,h ]pyrene 343. 
Dibenzo[a ,i]pyrene 129. 
Dibenzo[a ,l]pyrene 345. 
5,6,7,8.Dibenzoquinoxaline 351. 
Dibenzo[f,h ]quinoxaline 351. 
5H -Dibenzosilolc, 5,S-diphenyl- 549. 
5H -Dibenzostannole, 5,5-diethyl- 402. 
5H -Dibenzostibole, 5-phenyl- 899. 
Dibenzo[c,g ]triphenylene 352. 
2,3-Dibenzoylbicyclo[2.2.1]hepta-2,5-diene 353. 
2,3-Dibenzoylbicyclo[2.2.2]octa-2,5-diene 354. 
Dibenzoylmethane 355. 
2,3-Dibenzoyl-2,5-norbornadiene 353. 
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2,4-Dibenzoylpentane 482. 
2,3 :6,7 -Dibenzphenanthrene 848. 
N -[(Dibenzylamino )methyl]phthalimide 356. 
2,5-Di(4-biphenylyl)oxazole 357. 
9,10-Dibromoanthracene 358. 
4,4' -Dibromobiphenyl 359. 
Dibromofluorescein dianion 360. 
1,4-Dibromonaphthalene 361. 
(Z)-N,N -Dibutyl-2,3-dihydro-'3-oxo-2-

(3-oxonaphtho[ 1 ,2-b ]thien-2(3H)-ylidene )-naphtho 
[1, 8-be ]thiopyran-6-sulfonamide 362. 

(E)-N ,N -Dibutyl-2,3-dihydro-3-oxo-2-
(3-oxonaphtho[ 1 ,2-b ]thien-2(3H)-ylidene )-naphtho 
[1,8-be ]thiopyran-6-sulfonamide 363. 

5,5' -Dibutylthioindigo 364. 
5,5'-Di-tert-butylthioindigo 365. 
trans -1 ,2-Di(N -carbazolyl)cyclobutane 366. 
meso (oL)-2,4-Di(N -carbazolyl)pentane 367. 
rae (OO,LL)-2,4-Di(N -carbazolyl)pentane 368. 
2,2'-Dicarbocyanine iodide, 1,l'-diethyl- 395. 
1,5-Dichloroanthracene 369. 
9,10-Dichloroanthracene 370. 
1,8-Dichloroanthraquinone 371. 
4,4'-Dichlorobenzophenone 372. 
Dichlorobis( 4,7 -dimethyl-I, 1 O-p henanthro line ) 

iridium(III) ion 373. 
Dichlorobis(5,6-dimethyl-1,10-phenanthroline) 

iridium(III) ion 374. 
Dichlorobis( 1,1 O-phenanthroline )iridium(I1I) ion 375. 
3,5-Dichloro-2,6-diphenyl-1,4-benzoquinone/ 

Triphenylamine 376. 
1,4-Dichloronaphthalene 377. 
4,4'-Dichlorostilbene 378. 
4-(4,6-Dichloro-l,3,5-triazin-2-yl)-N,N-diethylaniline 379. 
Dicumarol 380. 
9,10-Dicyanoanthracene 381. 
1,2-Dicyanobenzene 382. 
1.3-Dicyanohenzene 383. 
1,4-Dicyanobenzene 384. 
1,4-Dicyanonaphthalene 385. 
trans -4,4' -Dicyanostilbene 386. 
all-trans-3',4'-Didehydro-j3,\jJ-16'-carotena1387. 
5,7: 14, 16-Dietheno-8H, 13H -diindeno[2, I-h : l' ,2' i]-

[1,4]dioxacyclotridecin, 10, 11-dihydro- 414. 
5.7:20.22-Dietheno-RH. t QH -rlHnneno[2,l-n :1',2'-(} J

[1,4,7,10]tetraoxacyclononadecin, 
10, 11,13, 14,16, 17-hexahydro- 609. 

5,7: 15, 17-Dietheno-2,20-heptano
f1-cyclotetradeca[ 1 ,2-a : 1, 14-a ']diindene, 
9,10,11,12,13,14-hexahydro- 610. 

5,7: 16, 18-Dietheno-2,21-octanocyc1opentadeca[ 1 ,2-a : 1, 15-a '} 
dHnrlene, R,9, 10, 11, 12, 13, 14; 15-octahydro- 829. 

2, 17-Diethenyl-1, 10, 19,22,23,24-hexahydro-
3,7,13, 17-tetramethyl-l, 19-dioxo-
21H -biline-8, 12-dipropanoic acid 168. 

3, 18-Uiethenyl-I, I9,22,24-tetrahydro-
2,7,13, 17-tetramethyl-l, 19-dioxo-
2IH;.biline-8,I2-dipropanoic acid 169. 

6,6' -Diethoxythioindigo 388. 
N -[2-(Diethylamino )ethyl]phthalimide 389. 
7 -Diethylamino-4-methylcoumarin 390. 
Diethy laniline/Pyrene 942. 
1, l' -Diethyl-6-bromo-2,2' -cyanine iodide 391. 
1, 1'-Diethyl-2,2' -carbocyanine chloride 392. 
1, l '-Diethyl-4,4' -carbocyanine iodide 393. 
1,1' -Diethyl-2,2' -cyanine iodide 394. 
5,5-Diethyl-5H -dibenzostannole 402. 
1,l'-Diethyl-2,2'-dicarbocyanine iodide 395. 
Diethyl ether/Pyromellitic dianhydride 954. 
1,1' -Diethyl-6-iodo-2,2' -cyanine iodide 396. 
3,3' -Diethyl-9-methoxy-2,2' -thiacarbocyanine iodide 

397. 
3,3'-Diethyl-2,2' -oxacarbocyanine iodide 398. 
3,3 '-Diethyl-2,2'-oxadicarbocyanine iodide 399. 
N ,N'-Diethylrhodamine 400. 
5,5' -Diethylselenoindigo 401. 
9,9-Diethyl-9H -9-stannafluorene 402. 
3,3' -Diethyl-2,2'-thiacarbocyanine iodide 403. 
3,3'-Diethyl-2,2'-thiacyanine iodide 404. 
3,3' -Diethyl-2,2'-thiadicarbocyanine iodide 405. 
3,3'-Diethyl-2,2' -thiatricarbocyanine iodide 406. 
Difurobenzene, 2-formyl-5'-methyl- 600. 
6,6'-Dihexyloxythioindigo 407. 
12a, 12b -Dihydrobenzo[ghi]perylene 408. 
3,4-Dihydro-1, l' -binaphthyl 409. 
4a ,5a -Dihydrocarbazole 410. 
4' ,5' -Dihydro-3-carbethoxypsoralen 411. 
7,7'-Dihydro-J3-carotene 412. 
8b ,9a -Dihydro-9H -cyclopropa[e ]pyrene 413. 
10,11-Dihydro-5, 7: 14, 16-dietheno-8H , 13H -diindeno 

[2,I-h: 1 ',2'-i] [1,4 ]dioxacyclotridecin 414. 
6, 12-Uihydro-3,~-dimethyl(indeno[I,2-b ]tluorene) 484. 
12a, 12b -Dihydro-5,8-dimethyl(indolino[2,3-c] 

carbazole) 415. 
5, 10-nihyrlro-5, 10-rlimp.thy1phenazine 416. 
(R )-4,5-Dihydrodinaphtho[2,1-e:}' ,2'_g ][1,4]dioxocin 

417. 
(R )-5,6-Dihydro-4H -dinaphtho[2, 1:f:l',2'-h ][1,5]dioxonin 

418. 
5, 10-Dihydro-5, lO-diphenylphenazine 419. 
7, 10-Dihydro-7, 10-ethenocyc1ohepta 

[de ]naphthalen-S-yl)phenyl]methanone 153. 
2,3-Dihydro-7 H -furobenzopyran-7 -one 430. 
5, lO-Dihydroindeno[2, I-a ]indene 420. 
3,4-Dihydro-2' -methyl-I, l'-binaphthyl 421. 
II, I2-lJihydro-5-methylindenoL2, l-aJfluorene 725. 
2(1,3-Dihydro-l-methyl-3-oxo-2H -indol-2-ylidene)-

1 ,2-dihydro-l-methyl-3H -indol-3-one 487. 
5,10-Dihydro-5-methyl-10-phenylphenazine 422. 
5,12-Dihydro-5-methylquino[2,3-b ]acridine-7, 14-dione 

423. 
9,IO-Dihydro-9-oxo-2-acridinesulfonate ion 424. 
9,10-Dihydro-9-oxo-2-acridinesulfonic acid 425. 
2,3-Dihydro-7-oxo-7H -furo[3,2-g ][I]benzopyran-

6-carboxylic acid, ethyl ester 411. 
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2,3-Dihydrophenalene 426. 
3,4-Dihydrophenanthrene 427. 
9,10-Dihydrophenanthrene 428. 
1-(1a ,9b -Dihydrophenanthro[9, lO-b ]oxiren-4-yl)ethanone 15. 
9,10-Dihydro-9-phenylacridine 874. 
9, 10-Dihydro-N -phenylacridine 875. 
1,2-Dihydro-3-phenylnaphthalene 429. 
4',5'-Dihydropsoralen 430. 
5, 12-Dihydroquino[2,3-b ]acridine-7, 14-dione 431. 
1,2-Dihydro-2,2,4,6-tetramethylquinoline 432. 
1,4-Dihydro-5,6,11,12-tetraphenyl-i,4-epidioxytetracene 

433. 
5,12-Dihydro-5,6,11,12-tetraphenyl-5,12-epidioxytetracene 

434. 
(E)-5[ (3A-Dihydro( 1 ,4)thiazino[3,4-b )benzothiazol-l-yl) 

methylene ]-3-ethyl-2-thioxo-4-thiazolidinone 435. 
1 OH ,10' H -10,10' -Dihydroxybianthrylidene 436. 
4,4'-Uihydroxybipheny1437. 
3,3' -Dihydroxy-,8-carotene-4A' -dione 92. 
4,7 -Dihydroxy-lH -isoindole-l ,3(2H)-dione 444. 
Dihydroxylycopene 438. 
2,4-Dihydroxy-5-methylpyrimidine 1072. 
2,3-Dihydroxynaphthalene, conjugate base 443. 
1,5-Dihydroxynaphthalene 439. 
1,8-Dihydroxynaphthalene 440. 
2,3-Dihydroxynaphthalene 441. 
2,7-Dihydroxynaphthalene 442. 
3,6-Dihydroxyphthalimide 444. 
4,4' -Dimethoxybenzophenone 445. 
2,3-Dimethoxy-l A-benzoquinone 446. 
2,5-Dimethoxy-l,4-benzoquinone 447. 
4A'-Dimethoxybiphenyl 448. 
S,7-Dimethoxycoumarin 449. 
2,3-Dimethoxy-5-methyl-1 A-benzoquinone 450. 
1,4-Dimethoxynaphthalene 451. 
1,2-Dimethoxy-4-nitrobenzene 452. 
(E)-1,4-Dimethoxy-2-[2-(4-nitrophenyl)ethenyl]benzene 453. 
trans -2.5-Dimethoxy-4' -nitrostilbene 453. 
4,4' -Dimethoxythiobenzophenone 454. 
7,8-Dimethylalloxazine 644. 
4-(Dimethylamino)benzoic acid, methyl ester 717. 
4-(Dimethylamino )chalcone 455. 
1 O-(Dimethylamino )-3,5,7 ,9-decatetraen-2-one 456. 
2-(Dimethylamino)ethyl benzoate 457. 
2-[7 -(Dimethylamino )-2,4,6-heptatrienylidene]-

6-[S-(dimethylamino)-2,4-pentadienylidene]
cyclohexanone 458. 

N -[(Dimethyhtmino)methyl]phthalimicle 459. 
4-(Dimethylamino )nitrobenzene 497. . 
1-Dimethylamino-4-nitronaphthalene 460. 
trans -4,. Dimethylamino-4' -nitrostilbene 461. 
trans -4-Dimethylamino-,8-nitrostyrene 465. 
8-(Dimethylamino)-3,5,7-octatrien-2-one 462. 
9-[ 4-(Dimethy lamino )phenyl]anthracene 463. 
(E)-4-[2-[ 4-(Dimethylamino )phenyl)ethenyl)ben7onitrile 311. 

4-[2-[ 4-(Dimethylamino )phenyl]ethyl]benzophenone 464. 
trans -1-(4-Dimethylaminophenyl)-2-nitroethylene 465. 
3-[ 4-(Dimethylamino )phenyl]-l-phenyl-2-propen-l-one 455. 
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2-(Dimethylamino )purine 466. 
2-(Dimethylamino )pyridine 467. 
4-(Dimethylamino )pyridine 468. 
2-(Dimethylamino )pyridine/ 4-Nitroaniline 469. 
N,N-Dimethylaniline 470. 
N ,N' -Dimethyl-3-anilinocarbazole 471. 
1,3-Dimethylanthracene 472. 
9,10-Dimethylanthracene 473. 
2,5-Dimethyl-l,4-benzoquinone 474. 
2,6-Dimethyl-l,4-benzoquinone 475. 
3,3' -Dimethylbiphenyl 476. 
(all-E)-3,8-Dimethyl-l,10-bis(2,6,6-trimethyl-l-

cyclohexen-l-yl)-1,3,5,7,9-decapentaene 477. 
1-(3,3-Dimethyl-l-buten-2-yl)naphthalene 478. 
(Z)-2-(3,3-Dimethyl-l-butenyl)naphthalene 494. 
(E)-2-(3,3-Dimethyl-I-butenyl)naphthalene 495. 
2,7 -Dimethyl-l ,8-diazaphenanthrene 499. 
N ,N'-Uimethyl-5,11-dihydroindolo[3,2-b]carbazole 479. 
cis -2,3-Dimethyl-2,3-di-(2-naphthyl)oxirane 480. 
trans-2,3-Dimethyl-2,3-di-(2-naphthyl)oxirane 481. 
2,4-Dimethyl-l ,5-diphenyl-l ,5-pentanedione 482. 
N ,N' -Dimethyl-N,N' -diphenyl-I,4-phenylenediamine 483. 
2-(I,I-Dimethylethyl)-5-methoxy-l,3-dinitrobenzene 233. 
3,9-Dimethyl-trans -fluorenacene 484. 
2,5-Dimethyl-2,4-hexadiene 485. 
1,3-Dimethylindazole 486. 
N ,N' -Dimethylindigo 487. 
1,4-Dimethyl-7-isopropylazulene 488. 
1-(2;2-Dimethyl-l-methylenepropyl)naphthalene 478. 
1,2-Dimethylnaphthalene 489. 
2,3-Dimethylnaphthalene 490. 
2,7-Dimethylnaphthalene 491. 
N,N -Dimethyl-2-naphthylamine, conjugate acid 493. 
N,N-Dimethyl-2-naphthylamine 492. 
cis -3,3-Dimethyl-I-(2-naphthy I)-I-butene 494. 
trans-3,3-DimethyI-l-(2-naphthyl)-1-butene 495. 
2,2-Dimethyl-l-(I-naphthyl)-I-phenylethylene 496. 
N,N -Dimethyl-4-nitroaniline 497. 
N ,N-Dimethyl-4-[(4-nitrophenyl)azo]benzenamine 498. 
(E ,Z)-2,6-Dimethyl-2,4,6-octatriene 806. 
(E)-10-(1,3-Dimethyl-10-oxo-9-anthracenylidene)-

2,4-dimethyl-9-anthracenone 1046. 
3,8-Dimethyl-4,7-phenanthroline 499. 
N,N -Dimethyl-l OH -phenothiazine-l O-propanamine 924. 
N,N-Dimethyl-p-phenylenediamine 500. 
1,3-Dimethyl-2,4-pyrimidinedione 502. 
(E ,E ,E ,E ,E ,E)-7, 11-Dimethyl-

7 -(2,6,6-trimethyl-l-cyc1ohexen-l-yl)-
2,4,6,8,10,12-tridccahcxacnal 501. 

1,3-Dimethyluracil 502. 
Dinaphtho[2, I-d: I' ,2' -J1[1,3,2]dioxaphosphepin, 

4-methoxy-, 4-oxide, (R)- 668. 
Dinaphtho[2, I-d : I' ,2':f][ 1 ,3,2]dioxaphosphepin, 

4-methoxy-, 4-oxide 669. 
Dinaphtho[2,I-b:l',2'-d][1,6]dioxecin, 4,5,6,7-tetrahydro, 

(R)- 1029. 
(S)-Dinaphtho[2,I-d:l',2':f][1,3]dioxepin 503. 
Dinaphtho[2, l-e: l' ,2' -g ][1,4]dioxocin, 4,5-dihydro-, (R)-

417. 
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4H -Dinaphtho[2,1-!:1',2'-h 1[1,51dioxonin, 5,6-dihydro-, 
(R)- 418. 

Di-2-naphthylamine 504. 
1,4-Di-l-naphthylbutane 505. 
t-3,t-4-Di-(1-naphthyl)-r-l,c-2-dimethoxycarbonyl-

cyclobutane 506. 
1,2-Di-l-naphthylethane 507. 
Di-l-naphthylmethane 508. 
2,5-Di(1-naphthyl)-1,3,4-oxadiazole 509. 
cis -2.3-Di-(2-naphthyl)oxirane 510. 
trans-2,3-Di-(2-naphthyl)oxirane 511. 
1,3-Di-I-naphthylpropane 512. 
1,3-Di-2-naphthylpropane 513. 
5,5' -Dineopentylthioindigo 514. 
3,5-Dinitroanisole 515. 
3,5-DinitroanisolelW ater 516. 
1,4-Dinitrobenzene/Bis(dimethylsulfoxide) 

phthalocyaninatoruthenium(II) 206. 
1,2-Dinitronaphthalene 517. 
1,4-Dinitronaphthalene 518. 
1,8-Dinitronaphthalene 519. 
4-[(2,4-Dinitrophenyl)azo ]-N,N -dimethylbenzenamine 

520. 
3-U 4-f (2.4-Dinitrophenyl)azo lphenyll(2-hydroxyethyl) 

amino ]-4-propanenitrile 521. 
(E)-2,4-Dinitro-I-(2-phenylethenyl)benzene 522. 
trans -2,4-Dinitrostilbene 522. 
cis-4,4' -Dinitrostilbene 523. 
trans -4,4' -Dinitrostilbene 524. 
1-(2,6-Dioxacyclohexyl)naphthalene 779. 
2-(2,6-Dioxacyclohexyl)naphthalene 780. 
1,3-Dioxane, 2-(l-naphthalenyl)- 779. 
1,3-Dioxane, 2-(2-naphthalenyl)- 780. 
1,4-Dioxin, 2,3,5,6-tetraphenyl- 1054. 
2,6-Dioxo-l ,2,3,6-tetrahydro-4-pyrimidinecarboxylic 

acid 832. 
2,6-Dipentylbenzo[I,2-c :4,5-c ']dipyrrole-

1,3,5,7(2H,6H)-tetrone 525. 
N,N'-Dipentylpyromellitic diimide 525. 
1,3-Di(9-phenanthryl)propane 526. 
Diphenylacetylene 527. 
Diphenylamine 528. 
Diphenylamine/2,6-Diphenyl-l ,4-benzoquinone 532. 
9,IO-Diphenylanthracene 529. 
4,4' -Diphenylbenzophenone 530. 
2,6-Diphenyl-l,4-benzoquinone 531. 
2,6-Diphenyl-l ,4-benzoquinone/Diphenylamine 532. 
2,6-Diphenyl-l ,4-benzoquinoneITMPD 533. 
2,6-Dipht:nyl-l,4-benzuquinuneIN,N,N',N'-

Tetramethyl-p -phenylenediamine 533. 
2,6-Diphenyl-l,4-benzoquinonelTriphenylamine 534. 
1,4-Diphenyl-l,3-butadiene 535. 
1,4-Diphenylbutadiyne 536. 
1,2-Diphenylcyclobutene 537. 
5,5-Diphenyl-5H -dibenzogermole 540. 
S,S-Dipht:nyl-SH -dibenzosilole 549. 
1,4-Diphenyl-2,3-dibenzoyl-

1 ,4-epoxy-l ,4-dihydronaphthalene 538. 
l,l-Diphenylethylene 539. 

9,9-Diphenyl-9H -9-germafluorene 540. 
1,6-Diphenyl-l,3,5-hexatriene 541. 
1,4-Diphenylnaphthalene 542. 
1,5-Diphenylnaphthalene 543. 
1,8-Diphenyl-l,3,5,7-octatetraene 544. 
2,5-Diphenyl-l,3,4-oxadiazole 545. 
2,5-Diphenyloxazole 546. 
N ,N' -Diphenyl-p -phenylenediamine, conjugate acid 

548. 
N ,N' -Diphenyl-p -phenylenediamine 547. 
1,3-Diphenyl-l,3-propanedione 355. 
1,3-Diphenyl-2-propen-l-one 258. 
9,9-Diphenyl-9H -9-silafluorene 549. 
N -[(Dipropylamino )methyl]phthalimide 550. 
Disperse Blue 14207. 
Dithiazanine iodide 405. 
Durene/Tetracyanobenzene 551. 
Duroquinone 552. 
Duroquinone, conjugate monoacid 554. 
DuroquinonelTripheny lamine 553. 
Echinenone 555. 
Eosin 556. 
Eosin/Aniline 557. 
Eosin/ 4-Bromophenol 558. 
Eosin/2-NaphthoI559. 
EosinlResorcinol 560. 
Eosin/Sulfanilic acid 561. 
Eosin Y 556. 
Eosin Yellowish 556. 
Eosin dianion 562. 
5-( 1,4-Epidioxyphenyl)-6, 11, 12-triphenyltetracene 563. 
1,4-Epidioxytetracene, 1,4-dihydro-

5,6,11,12-tetraphenyl- 433. 
5,12-Epidioxytetracene, 5,12-dihydro-

5,6,1 1, 12-tetraphenyl· 434. 
Ergosterol 564. 
Erythrosin 565. 
Erythrosin dianion 566. 
Ethanone, 1,2,2-triphenyl 882. 
(E)-4,4' -(1,2-Ethenediyl)bisbenzonitrile 386. 
2-Ethoxynaphthalene 567. 
Ethyl Violet 568. 
IO-Ethyl-9(10H)-acridinone 569. 
N -Ethylacridinone 569. 
2-[ 6-(Ethylamino )-3-( ethylimino )-3H -xanthen-9-yl]benzoic 

acid, monohydrochloride 400. 
N -Ethyl carbazole 570. 
Ethylene, l-acenaphthyl-I-phenyl- 4. 
Ethylene, 1-(2-anthryl)-2-(2-naphthyl)- 88. 
Ethylene, 1-(2-anthryl)-2-phenyl- 89. 
Ethylene, 1-(2-anthryl)-2-(2-thienyl)- 90. 
Ethylene, 1,I-bis(l-naphthyl)- 208. 
Ethylene, trans-l,2-bis(l-naphthyl)- 209. 
Ethylene, trans -1 ,2-bis(2-naphthyl)- 210. 
Ethylene, 2,2-dimethyl-I-(l-naphthyl)-1-phenyl- 496. 
Ethylene, l,l-diphenyl- S39. 

Ethylene, I-methyl-l-(I-naphthyl)- 738. 
Ethylene, I-methyl-l-(2-naphthyl)- 739. 
Ethylene, trans -1-( I-naphthyl)-2-(2-naphthyl)- 796. 
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Ethylene, 1-( I-naphthyl)-I-phenyl- 800. 
Ethylene, trans-I-(I-naphthyl)-2-phenyl- 801. 
Ethylene, trans-I-(2-naphthyl)-2-phenyl- 802. 
Ethylene, 1,1,2-trimethyl-2-(2-naphthyl)- 1087. 
Ethylene, triphenyl- 1098. 
3-Ethyl-2-[3-(3-ethyl-2(3H)-benzothiazolylidene)-

2-methoxy-I-propenyl]benzothiazolium iodide 397. 
3-Ethyl-2-[3-(3-ethyl-2(3H)-benzothiazolylidene)

I-propenyl]benzothiazolium iodide 403. 
3-Ethyl-2-[(3-ethyl-2(3H)-benzothiazolylidene)methyl]

benzothiazolium iodide 404. 
3-Ethyl-2-[5-(3-ethyl-2(3H)-benzothiazolylidene)-

1,3-pentadienyl]benzothiazolium iodide 405. 
3-Ethyl-2-[7-(3-ethyl-2(3H)-benzothiazolylidene)-

1,3,5-heptatrienyl]benzothiazolium iodide 406. 
(E ,Z)-3-Ethyl-5[(3-ethyl-2(3H)-benzothiazolylidene)

ethylidine ]-2-thioxo-4-thiazolidinone 571. 
3-Ethyl-2-L3-(3-ethyl-2(3H)-benzoxazolylidene)

I-propenyl]benzoxazolium iodide 398. 
3-Ethyl-2-[5-(3-ethyl-2(3H)-benzoxazolylidene)-

1,3-pentadienyl]benzoxazolium iodide 399. 
I-Ethyl-2-[ 5-(l-ethyl-l ,3-dihydro-3,3-dimethyl-

2H -indol-2-ylidene)-3-fluoro-l,3-pentadienylJ-
3,3-dimethyl·-3H -indolium 572. 

l-Ethyl-2-[5-(l-ethyl-l,3-dihydro-3,3-dimethyl-
2H -indol-2-ylidene)-1,3-pentadienyl]-
3,3-dimethyl-3H -indolium 573. 

3-Ethyl-2-[3-(3-ethyl-6-dimethylamino-
2(3H)-benzothiazolylidene )-I-propenyl} 
6-( dimethyl amino )benzothiazolium iodide 191. 

I-Ethylnaphthalene 574. 
2-Ethylnaphthalene 575. 
9-Ethylphenanthrene 576. 
I-Ethyl-2-phenylacetylene 237. 
N -Ethylphthalimide 577. 
J3-Ethylstyrene 578. 
O-Ethyl-I-thionaphthoate 774. 
Ethynylbenzene 873. 
Etiochlorin II 579. 
Euchrysine, conjugate monoacid 580. 
Flavine mononucleotide 581. 
Flavine mononucleotide, conjugate monoacid 582. 
Flavone 583. 
Flavone, 3-hydroxy- 619. 
Flavone, 7-hydroxy- 620. 
9H -Flourene-I-amine, 7-nitro- 52. 
Fluoranthene 584. 
2-Fluorenamine 44. 
Fluurene 585. 
Fluorene, 2-amino- 44. 
9H -Fluorene, 9-(9H -fluoren-9-ylidene)- 167. 
Fluorene, I-hydroxy- 621. 
Fluorene, 2-hydroxy- 622. 
Fluoren-I-ol 621. 
Fluoren-2-o1 622. 
Fluoren-9-one 586. 
9-Fluorenone 586. 
I-Fluorenyl diisopropyl borate 587. 
2-Fluorenyl diisopropyl borate 588. 
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Fluoren-9-ylidene 589. 
9-(9H -Fluoren-9-ylidene)-9H -fluorene 167. 
2-Fluorenyl phenyl ketone 590. 
Fluorescein 591. 
Fluorescein, conjugate monoacid 592. 
Fluorescein, 2',4',5',7'-tetrabromo-, dianion 562. 
Fluorescein, tetraiodo-, dianion 566. 
Fluorescein dianion 593. 
Fluorobenzene 594. 
4-Fluorobenzophenone 595. 
(E)-I-Fluoro-4-(2-phenylethenyl)benzene 596. 
trans -4-Fluorostilbene 596. 
2-(N-Formylamino)acetophenone 17. 
2-(N -Formylamino )-3'-aminopropiophenone 55. 
,,/-[2-(Formylamino )phenyl},,/-oxo-a-aminobutyryl-L-Iysine 

597. 
3-Formylfurochromene 598. 
N -Formylkynurenine 599. 
2-(N -Formyl-N -methylamino )acetophenone 19. 
2-Formyl-5'-methyldifurobenzene 600. 
3-Formyl-2-methylfurochromene 601. 
3-Formyl-8-methylfurochromene602. 
2-Furamide, N -butyl-5-nitro- 236. 
2(3H)-Furanone, 3-benzyl-3,4,5-triphenyl- 163. 
2(3H)-Furanone, 3,3,4,5-tetraphenyl- 1055. 
2(3H)-Furanone, 3,3,5-triphenyl- 1099. 
7 H -Furo[3,2-g ][ 1 ]benzopyran-6-carboxaldehyde 598. 
2H -Furo[2,3-h ]-I-benzopyran-2-one 640. 
7H -Furo[3,2-g ][I]benzopyran-7-one 934. 
Furochromene, 3-formyl- 598. 
Furochromene, 3-formyl-2-methyl- 601. 
Furochromene, 3-formyl-8-methyl- 602. 
2-Furoic acid, 5-nitro- 818. 
Gentian Violet 307. 
9H -9-Germafluorene, 9,9-diphenyl- 540. 
Germane, methyl-I-naphthylphenyl- 740. 
D-Glucose phenylosazone 603. 
Guaiazulene 488. 
Guanine, 7 -methyl- 726. 
Hematoporphyrin IX 604. 
2,4,6-Heptatrienal, 5-methyl-7-

(2,6,6-trimethyl-l-cyclohexen-l-yl)-, (E,E ,E)- 750. 
all-trans-I,3,5-Heptatriene 605. 
1,4,6-Heptatrien-3-one, 1,7 -bis( dimethylamino)- 192. 
Hexacene 606. 
Hexachloroethane/Zinc(II) etioporphyrin I 1127. 
1,3,5,7,9,11,13,15,17,19,21,23,25-Hexacosatridecaene, 

3,7,11,16,20,24-hexamethyl-
1,26-bis(2,6,6-trirncthyl-l-cyclohcx-l-yl)-,(all-E)- 331. 

2,4-Hexadiene, 2,5-dimethyl- 485. 
I,1,1,5,5,5-Hexafluoroacetylacetone 607. 
Hexahelicene 608. 
10,1 I, 13, 14, 16, 17-Hexahydro-5,7:20,22-dietheno-

8H, I9H -diindeno[2, I-n : I' ,2'-0 ]
[1,4,7,10]tetraoxacyclononadecin 609. 

9,10,11, 12, 13, 14-Hexahydro-5,7:15, 17-dietheno-
2,20-heptano-H -cyclotetradeca[I,2-a: 1, 14-a ']diindene 
610. 

Hexamethylbenzene/Tetracyanobenzene 611. 
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1,3,5-Hexatriene, 1,6-diphenyl- 541. 
D-arabino-Hexos-2-ulose bis(phenylhydrazone) 603. 
D-arabino -Hexulose phenylosazone 603. 
6-Hydroxy-7H-benz[de ]anthracen-7-one 612. 
6-Hydroxybenzanthrone 612. 
2-Hydroxybenzophenone 613. 
4-Hydroxybenzophenone 614. 
7-Hydroxy-4H -l-benzopyran 620. 
4-HydroxybiphenyI615. 
4' -Hydroxy-4-biphenylamine 46. 
3-Hydroxychromone 616. 
4-Hydroxycoumarin 617. 
1-(2-Hydroxyethyl)-3,3-dimethyl-6' -nitro-

spiro-(2,2' -indolin[2H -1]benzopyran) 618. 
3-Hydroxyflavone 619. 
7-Hydroxyflavone 620. 
I-Hydroxyfluorene 621. 
2-Hydroxyfluorene .622. 
4-Hydroxy-6-methylcoumarin 623. 
7-Hydroxy-4-methylcoumarin 624. 
2-Hydroxy-2-methyl-l-phenylpropan-1-one 625. 
2-Hydroxy-2-methyl-l-[4-(2-propyl)phenyl]propan-l-one 

626. 
9-Hydroxyphenanthrene 627. 
a-Hydroxy-a-phenylacetophenone 124. 
4' -Hydroxypropiophenone 628. 
4-Hydroxypyrene 629. 
4-Hydroxyquinoline-2-carboxylic acid 643. 
4,4-(Imidocarbonyl)bis(N,N -dimethylaniline) 

monohydrochloride 93. 
Indazole, 2-tert-butyl-4-methyl- 235. 
Indazole, 1,3-dimethyl- 486. 
Indazole, 1-methyl- 727. 
Indazole, 2-methyl- 72S. 
Indene, 2-phenyl- 890. 
Indeno[2,1-a]fluorene, 11,12-Dihydro-5~methyl- 725. 
Indeno[ 1 ,2-b ]fluorene, 6,12-dihydro-3,9-dimethyl., 484. 
Indeno[2,1-a]indene, 5,lO-dihyufo- 420. 
l-(1H -Inden-3-yl)naphthalene 630. 
Indigo, trans-N,N'-diacetyl- 334. 
Indigo, N,N'-dimethyl- 487. 
Indium(III) (chloro )phthalocyanine 276. 
Indole 631. 
Indole, I-methyl- 729. 
Indole, 2-methyl- 730. 
Indole, 3-methyl- 731. 
Indolino[2,3-c ]carbazole, 120, 12b-dihydro-5,8-dimethyl- 415. 
Indolof3.2-b lcarbazolel. 5.11-dihydro-N,N'-dimethyl- 479. 
2-Iodoanthracene 632. 
9-Iodoanthracene 633. 
4-Iodobiphenyl 634. 
Iuuu(methanul)(phthalocyaninato )rhodium(III) 63~. 
l-Iodonaphthalene 636. 
2-Iodonaphthalene 637. 
~-Ionone 63S. 
~-Ionylidene acetaldehyde 755. 
Iridium(III) dichlorobis(2,2'-bipyridine) 18S. 
Iridium(III) 

dichlorobiS( 4, 7 ~dimethyl-l, lO-phenanthroline) 373. 

Iridium(III) 
dichlorobis(5,6-dimethyl-l,10-phenanthroline) 374. 

Iridium(III) dichlorobis( 1,1 O-phenanthroline) 375. 
Iridium(IIl) tris(2,2'-bipyridine) 1103. 
IH -Isoindole-l,3(2H)-dione~ 

2-[2-[bis(phenylmethyl)amino ]ethyl]- 356. 
IH -Isoindole-l ,3(2H)-dione, 2-[2-( diethylamino )ethyl]-

389. 
IH -Isoindole-l ,3(2H)-dione, 

2-[(dimethylamino)methyl]- 459. 
IH-Isoindole-l,3(2H)-dione,2-[(dipropylamino)methylJ-

550. 
IH-Isoindole-I,3(2H)-dione, N-ethyl- 577. 
IH -Isoindole-l,3(2H)-dione, 2-methyl- 745. 
IH-Isoindole-1,3(2H)-dione, 2-propyl- 927. 
Isophthalonitrile 383. 
2-!:sopropylthioxal1thell-9-o11C 639. 
Isopsoralen 640. 
Isoquinoline 641. 
IsoQuinoline, I-benzyl-, N -oxide 160. 
Isoquinoline, 4-bromo-, N -oxide 221. 
Isoquinoline, 4-bromo-l-cyano-, N -oxide 217.; 
Isoquinoline, l-methyl-, N -oxide 732. 
Isoquinoline-N -oxide 642. 
Isostilbene 1005. 
Kryptocyanine 393. 
Kynurenic acid 643. 
Lanthanum(III) 

tris( 4,4,4-trifluoro-l-phenyl-l ,3-butanedione) 1107. 
Limettin 449. 
LUIlJ.i~hrulUt: 644. 
Lumiflavine 645. 
Lumiflavine, conjugate monoacid 646. 
Lumiflavine, negative ion 647. 
all-trans-Lutein 648. 
Lutetium(III) 

tris( 4,4,4-trifluoro-l-phenyl-l,3-butanedione) 110S. 
Ly~upt:ne, dihydroxy- 438. 
all-trans-Lycopene 649. 
Lysyltryptophanyllysine 650. 
Magnesium(lI) mesoporphyrin 651. 
Magnesium(II) octaethylporphyrin 652. 
Magnesium(lI) phthalocyanine 653. 
Magnesium(II) tetraphenylporphyrin 654. 
Malachite Green 655. 
Menadione 737. 
Menaqilinone 737. 
Mercury(II) tetraphenylporphyrin 656. 
Mesoporphyrin 657. 
Mesoporphyrin, dimethyl ester 65S. 
1-(f3-Methacryloxyethyl)-3,3-dimethyl-6' -nitro-

spiro(indoline-2,2' -[2H]benzopyran) 659. 
Methane, triphenyl- 1100. 
8,11b-Methanocyclodeca[cde ]naphthalene 660. 
Methoxsalen 684. 
3-Methoxyacetophenone 661. 
4-Methoxyacetophenone 662. 
3-Methoxy-7H -benz[de ]anthracen-7-one 663. 
3-Methoxybenzanthrone 663. 
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Methoxybenzene 63. 
4-Methoxybenzophenone 664. 
9-[2-(4-Methoxycarbonylbenzoxy )ethyl]carbazole 665. 
9-[3-(4-Methoxycarbonylbenzoxy )propy l]carbazole 666. 
4-Methoxychalcone 667. 
4-Methoxy-N,N -dimethylaniline/3-Chloro-2,6-diphenyl

lA-benzoquinone 271. 
(R )-4-Methoxydinaphtho[2, I-d: l' ,2':/1-

[1,3,2]dioxaphosphepin 4-oxide 668. 
4-Methoxydinaphtho[2, I-d : l' ,2' -f]-

[1,3,2]dioxaphosphepin 4-oxide 669. 
I-Methoxy-3,5-dinitrobenzene 515. 
9-Methoxy-7H -furo[3,2-g ][1]benzopyran-7-one 684. 
8' -Methoxy-5-methyl-6' -nitrospiro[(5,6-dihydro-

phenanthridine-6,2)-(2H)chromene) 670. 
2-Methoxy-2-methyl-I-phenyl-I-propanone 671. 
1-Methoxynaphthalene 672. 
2-Methoxynaphthalene 673. 
4-Methoxy-l-naphthonitrile 674. 
I-Methoxy-3-nitrobenzene 813. 
cis ,cis-l-(3' -Methoxy-5' -nitro-2' -oxo-3',5' -cyclohexadieny 

1)-3,4-dimethyl-l,3-pentadiene 675. 
(E)-1-Methoxy-3-[2-( 4-nitrophenyl)ethenyl]benzene 676. 
trans -3-Methoxy-4' -nitrostilbene 676. 
cis -4-Methoxy-4' -nitrostilbene 677. 
trans-4-Methoxy-4' -nitro stilbene 678. 
trans-l-Methoxy-/3-nitrostyrene 681. 
4-MethoxyphenoI679. 
(E)-4-[2-(4-Methoxyphenyl)ethenyl]benzonitrile 313. 
2-[ 1-(4-Methoxyphenyl)-hydrazin yl-2-ylidene]-

1-( 4-nitrophenyl)-1 ,3-diketobutane 680. 
trans -1-(4-Methoxyphenyl)-2-nitroethylene 681. 
1-( 4-Methoxyphenyl)-3-phenyl-l-propanone 891. 
3-(4-Methoxyphenyl)-1-phenyl-2-propen-l-one 667. 
4' -Methoxypropiophenone 682. 
5-Methoxypsoralen 683. 
8-Methoxypsoralen 684. 
trans -4-Methoxystilbene 685. 
8-Methoxy-2,2,3-trimethyl-6-nitro-2H -l-benzopyran 

686. 
8-Methoxy-2,2,3-trimethyl-6-nitro-2H -chromene 686. 
6-Methoxy-l ,3,3-trimethyl-6' -nitro-

spiro-(2,2' -indolin[2H -l]benzopyran) 687. 
7' -Methoxy-l,3,3-trimethyl-6' -nitro-

spiro-(2,2' -indolin[2H -1 ]benzopyran) 688. 
Methyl 9-anthrylacetate 67. 
Methyl Violet 689. 
Methyl Violet 2B 689. 
2-Methylaceanthren'- I-one 690. 
3-Methylacetophenone 691. 
4-Methylacetophenone 692. 
9-Methylacridine 693. 
10-Methyl-9( 1 OH)-acridinethione 694. 
4-(Methylamino )benzoic acid 695. 
N-Methyl-l-anilinonaphthalene 696. 
N -Methyl-2-anilinonaphthalene 697. 
N -Methyl-2-anilino-6-naphthalenesulfonate ion 698. 
2-Methylanthracene 699. 
9-Methylanthracene 700. 
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9-Methylanthracene-d12 701. 
Methyl benzoate 702. 
6-Methylbenzo[1,2-b:5,4-b']difuran-2-carboxaldehyde 600. 
2-Methylbenzoic acid 703. 
3-Methylbenzoic acid 704. 
4-Methylbenzoic acid 705. 
2-Methylbenzophenone 706. 
4-Methylbenzophenone 707. 
Methyl-l,4-:benzoquinone 708. 
(2' -Methylbenzoyl)amino-2-A2-thiazoline 709. 
(4'-Methylbenzoyl)amino-2-A 2-thiazoline 710. 
Methyl benzoylformate 711. 
Methylchlorophyllide a 712. 
l-Methyl-4-[ 4-cyanostyryl]pyridinium 713. 
10-Methyl-5-deazaisoalloxazine-3-propanesulfonate ion 

714. 
3-Methyl-5-deazalumiflavine 715. 
l-Methyldeoxybenzoin 716. 
Methyl 4-dimethylaminobenzoate 717. 
N -Methyldiphenylamine 718. 
Methylene Blue, dimer 721. 
Methylene Blue cation 719. 
Methylene Blue cation, conjugate monoacid 720. 
Methylene Green cation 722. 
4,4' -Methylenebis(l, l' -biphenyl) 723. 
3,3' -Methylenebis( 4-hydroxycoumarin) 380. 
2-(1-Methylethenyl)naphthalene 739. 
Methyl ethyl ketone 231. 
a-Methyl-,8-ethylstyrene 724. 
5-Methyl-endo -cis -fluorenacene 725. 
7 -Methyl-7 H -furo[3,2-g ][1 ]benzopyran-6-carboxaldehyde 

601. 
9-Methyl-7 H -furo[3,2-g J[1]benzopyran-6-carboxaldehyde 

602. 
7-Methylguanine 726. 
l-Methylindazole 727. 
2-Methylindazole 728. 
l-Methylindole 729. 
2-Methylindole 730. 
3-Methylindole 731. 
l-Methylisoquinoline-N -oxide 732. 
Methylium, triphenyl- 1101. 
I-Methylnaphthalene 733. 
2-Methylnaphthalene 734. 
l-Methylnaphthalene/Pyromellitic dianhydride 735. 
Methyl 2-naphthoate 736. 
2-Methyl-l,4-naphthoquinone 737. 
I-Methyl-l-(l-naphthyl)ethylene 738. 
I-Methyl-l-(2-naphthyl)~thykn~ 739. 
Methyl I-naphthyl ketone 5. 
Methyl 2-naphthyl ketone 6. 
Methyl-l-naphthylphenylgermane 740. 
5-Methyl-6'-nitrospiro[(5,6-dihydrophenanthridine-6,2)-

(2H)chromene] 741. 
I-Methyl-4-[ 4-nitrostyryl]pyridinium 742. 
5-Methylphenazinium methyl sulfate 743. 
N -Methylphenazonium methosulfate 743. 
4-MethylphenoI304. 
10-Methylphenothiazine 744. 
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N -Methylphenothiazine 744. 
1 ~Methyl-2-phenylacetylene 928. 
Methyl phenylglyoxylate 711. 
N -Methylphthalimide 745. 
4-(2-Methylpropionyloxy)benzophenone 746. 
Methyl pyropheophorbide a 747. 
all-trans-Methyl retinoate 748. 
2-Methylthioxanthen-9-one 749. 
(E ,E ,E)-5-Methyl-7 -(2,6,6-triinethyl-l-cyclohexen-l-yl)-

2,4,6-heptatrienaI750. 
(E,E,E)-6-Methyl-8-(2,6,6-trimethyl-l-cyclohexen-l-yl)-

3,5,7 -octatrien-2-one 751. 
(E,E ,Z)-6-Methyl-8-(2,6,6-trimethyl-l-cyclohexen-l-yl)-

3,5,7-octatrien-2-one 752. 
(E,Z ,E)-6-Methyl-8-(2,6,6-trimethyl-l-cyc1ohexen-l-yl)-

3,5,7 -octatrien-2-one 753. 
(E,Z ,Z)-6-Methyl-8-(2,6,6-trirnethyl-l-cyclohexen-l-yl)-

3,5,7 -octatrien-2-one 754. 
(E,E)-3-Methyl-5-(2,6,6-trimethyl-l-cyc1ohexen-l-yl)-

2,4-pentadienaI755. 
(E ,Z)-3-Methyl-5-(2,6,6-trimethyl-l-cyc1ohexen-l-yl)-

2,4-pentadienal 756. 
(Z ,E)-3-Methyl-5-(2,6,6-trimethyl-l..cyc1ohexen-l-yl)-

2,4-pentadienal 757. 
(Z ,Z)-3-Methyl-5-(2,6,6-trimethyl-l-cyc1ohexen-l-yl)-

2,4-pentadienal 758. 
3-Methyl-3,4,5-triphenyl-2(3H)-furanone 759. 
I-Methyl-L-tryptophan 760. 
p-Methylumbelliferone 624. 
5-Methyluracil 1072. 
Methyl vinyl ketone 761. 
I-Methyl-2-vinylnaphthalene 762. 
2-Methyl-3-vinylnaphthalene 763. 
Michler's ketone 190. 
a-NPO 805. 
N aphthacene 1021. 
I-Naphthaldehyde 764. 
2-Naphthaldehyde 765. 
2-Naphthalenamine, conjugate acid 767. 
2-Naphthalenamine 766. 
Naphthalene 768. 
Naphthalene, 2-amino- 766. 
Naphthalene, l-amino-4-nitro- 53. 
Naphthalene, I-anilino- 62. 
Naphthalene, I-bromo- 224. 
Naphthalene, 2-bromo- 225. 
Naphthalene, I-(bromomethyl)- 223. 
Naphthalene, 1, I' -(l,4-butanediyl)bis- 505. 
Naphthalene, I-chloro- 279. 
Naphthalene, 2-chloro- 280. 
Naphthalene, l-(chloromethyl)- 278. 
Naphthalene, 1-(2-chlorophenyl)- 282. 
Naphthalene, 1-(4-chlorophenyl)- 283. 
Naphthalene, I-cyano- 314. 
Naphthalene, l-cyano-4-methoxy- 674. 
Naphthalene, l-(l-cyclohepten-l-yl)- 319. 
Naphthalene, 2-(1-cyc1ohepten-l-yl)- 320. 
Naphthalene, l-(1-cyc1ohexen-l-yl)- 323. 
Naphthalene, l-(I-cycloocten-l-yl)- 32'. 

Naphthalene, l-(l-cyc1openten-l-yl):' 328. 
Naphthalene, 2-(l-cyc1openten-l-yl)- 329. 
Naphthalene, 1,4-dibromo- 361. 
Naphthalene, 1,4-dichloro- 377. 
Naphthalene, 1,4-dicyano- 385. 
Naphthalene, 1,2-dihydro-3-phenyl- 429. 
Naphthalene, 1 ,2-dihydro-4-(phenylthio)- 9UU. 
Naphthalene, 2,3-dihydroxy-, conjugate base 443. 
Naphthalene, 1,5-dihydroxy- 439. 
Naphthalene, 1,8-dihydroxy- 440. 
Naphthalene, 2,3-dihydroxy- 441. 
Naphthalene, 2,7-dihydroxy- 442. 
Naphthalene, l,4-dimethoxy- 451. 
Naphthalene, 1,2-dimethyl- 489. 
Naphthalene, 2,3-dimethyl- 490. 
Naphthalene, 2,7-dimethyl- 491. 
Naphthalene, I-dirnethylarnino-4-nitro- 460. 
Naphthalene, 1-(3,3-dimethyl-l-buten-2-yl)- 478. 
Naphthalene, 2-(3,3-dimethyl-I-butenyl)-, (Z)- 494. 
Naphthalene, 2-(3,3-dimethyl-I-butenyl)-, (E)- 495. 
Naphthalene, 1,2-dinitro- 517. 
Naphthalene, 1,4-dinitro- 518. 
Naphthalene, 1,8-dinitro- 519. 
Naphthalene, 2-(2,6-dioxacyc1ohexyl)- 780. 
Naphthalene, 1,4-diphenyl- 542. 
Naphthalene, 1,5-diphenyl- 543. 
Naphthalene, 1 ,4-diphenyl-2,3-dibenzoyl-l ,4-epoxy-

1,4-dihydro- 538. 
Naphthalene, 1,1'-(1,2-ethanediyl)bis- 507. 
Naphthalene, 2-ethoxy- 567. 
Naphthalene, l-ethyl- 574. 
Naphthalene, 2-ethyl- 575. 
Naphthalene, I-hydroxy- 786. 
Naphthalene, 2-hydroxy- 787. 
Naphthalene, l-(lH -inden-3-yl)- 630. 
Naphthalene, l-iodo- 636. 
Naphthalene, 2-iodo- 637. 
Naphthalene, I-mcthoxy- 672. 
Naphthalene, 2-methoxy- 673. 
Naphthalene, l-methyl- 733. 
Naphthalene, 2-methyl- 734. 
Naphthalene, l,l'-methylenebis- 508. 
Naphthalene, 2-(1-methylethenyl)- 739. 
Naphthalene, I-methyl-2-vinyl- 762. 
Naphthalene, 2-methyl-3-vinyl- 763. 
Naphthalene, l-nitro- 819. 
Naphthalene, 2-nitro- 820. 
Naphthalene, l-phenyl- 893. 
Naphthalene, 2-phenyl- 894. 
Naphthalene, l-(l-phenylethenyl)- 800. 
Naphthalene, l-[[(phenylmethyl)sulfonyl)methyl)- 892. 
Naphthalene, l,l'-(1,3-propanediyl)bis- 512. 
Naphthalene, 2,2' -(1,3-propanediyl)bis- 513. 
Naphthalene, 2-vinyl- 1119. 
Naphthalene-ds 769. 
Naphthalene/Chloranil 770. 
Naphthalene/3-Chloro-2,6-diphenyl-I,4-benzoquinone 

272. 
Naphtbalene/Pyromellitic dianhydride 771. 
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N aphthalenelTetrachlorophthalic anhydride 772. 
N aphthalene-d8ITetrachlorophthalic anhydride 773. 
I-Naphthalenecarbothioic acid, O-ethyl ester 774. 
1-Naphthalenecarbothioic acid, 0 -(2-phenylethyl) ester 

888. 
2-Naphthalenecarbothioic acid, O-(2-phenylethyl) ester 

889. 
I-Naphthalenecarboxylate ion 781. 
2-Naphthalenecarboxylate ion 782. 
2-Naphthalenecarboxylic acid, methyl ester 736. 
I-Naphthalenecarboxylic acid 784. 
2-Naphthalenecarboxylic acid 785. 
1,4-Naphthalenedicarbonitrile 385. 
1,5-NaphthalenedioI439. 
1,8-Naphthalenediol440. 
2,3-Naphthalenediol 441. 
2,7-Naphthalenediol 442. 
2-Naphthaienesulfonate ion, 6-(methylphenylamino)- 698. 
2-Naphthalenesulfonic acid, sodium salt 775. 
I-Naphthalenesulfonic acid 776. 
anti -[2.2](1,4)-Naphthalcnophanc 777. 
syn -[2.2](1,4)-Naphthalenophane 778. 
2-( 1-N aphthalenyl)-l ,3-dioxane 779. 
2-(2-Naphthalenyl)-1,3-dioxane 780. 
,8-Naphthiazoline, 2-benzoyl-N-methyl- 152. 
I-Naphthoate ion 781. 
2-Naphthoate ion 782. 
Naphthu[de-2.3.4]bicyc1o[3.2.2]nona-2,6,8-triene, 

8-benzoyl- 153. 
Naphtho[I,2,3,4-dej]chrysene 783. 
Naphthort,2-g lchrysene 352. 
1-N aphthoic acid 784. 
2-Naphthoic acid 785. 
I-Naphthol 786. 
2-NaphthoI787. 
2-Naphthol/Eosin 559. 
I-NaphthollTriethylamine 788. 
2-NaphthollTriethylamine 789. 
I-Naphtholate ion 797. 
2-Naphtholate ion 798. 
I-Naphthonitrile 314. 
1,4-Naphthoquinone, 2-methyl- 737. 
N aphtho[ 1, 8-bc ]thiopyran-6-sulfonamide, 

N,N -dibutyl-2,3-dihydro-3-oxo-2-
(3-oxonaphtho[1,2-b ]thien-2(3H)-ylidene), (E)- 362. 

N aphtho[ 1, 8-bc ]thiopyran-6-sulfonamide, 
N ,N -dibutyl-2,3-dihydro-3-oxo-2-
(3-oxonaphtho[I,2-b ]thien-2(3H)-ylidene), (Z)- 363. 

9-Naphthoylanthracene 790. 
I-Naphthyl acetate 791. 
2-Naphthylamine, conjugate acid 767. 
2-N~phthylamine, N,N -dimethyl-, conjugate acid 493. 
2-Naphthylamine, N,N -dimethyl- 492. 
I-Naphthylamine,. N -methyl-N -phenyl- 696. 
2-Naphthylamine, N -methyl-N -phenyl- 697. 
2-Naphthylamine, N-phenyl- 895. 
2-Naphthylamine 766. 
N-I-Naphthylaniline 62. 
N -2-Naphthylaniline 895. 
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2-( 1-N aphthyl)benzoxazole 792. 
8-( 1-Naphthyl)-6, 7 -dihydro-5H -benzocycloheptene 793. 
I-Naphthyl diisopropyl borate 794. 
2-Naphthyl diisopropyl borate 795. 
trans-l-(l-Naphthyl)-2-(2-naphthyl)ethylene 796. 
I-Naphthyloxide ion 797. 
2-Naphthyloxide ion 798. 
2-(2-Naphthyloxy)-3,5,5-trimethyl-2-cyc1ohexen-l-one 799. 
1-( 1-N aphthyl)-I-phenylethylene 800. 
trans -1-( 1-N aphthy 1)-2-pheny lethylene 801. 
trans -1-(2-Naphthyl)-2-phenylethylene 802. 
2-(I-NaphthyI)-5-phenyl-l,3,4-oxadiazole 803. 
2-(2-NaphthyI)-5-phenyl-l,3,4-oxadiazole 804. 
2-(I-NaphthyI)-5-phenyloxazole 805. 
N eo-alloocimene 806. 
Neomethylene Blue cation 807. 
all-trans-Neurosporene 808. 
Neutral Red cation 809. 
Neutral Red cation, conjugate diacid 810. 
5-Nitroacenaphthene 811. 
4-Nilruaniline 812. 
4-Nitroaniline/2-(Dimethylamino )pyridine469. 
3-Nitroanisole 813. 
4-Nitroanisole 814. 
9-Nitroanthracene 815. 
10-Nitro-9-anthryl phenyl ketone 154. 
4-Nitrobiphenyl 816. 
2-[2-('-Nitro-2-tUranyl)]ethenylquinoline 817. 
5-Nitro-2-furoic acid 818. 
I-Nitronaphthalene 819. 
2-Nitronaphthalene 820. 
4-Nitro-l-naphthylamine 53. 
(E)-4-[2-( 4-Nitrophenyl)ethenyl]benzenamine 54. 
(E)-I-Nitro-3-(2-phenylethenyl)benzene 823. 
1-(4-Nitrophenyl)-2-[( 4-methoxyphenyl)hydrazone]-

1,2,3-butanetrione 680. 
4-Nitropyridine-N -oxide 821. 
4-Nitroquinoline-N -oxide 822. 
5-Nitro-2-(2-quinolylethenyl)furan 817. 
trans -3-Nitrostilbene 823. 
trans -4-Nitrostilbene 824. 
trans-4-Nitrostilbene/Zinc(II) etioporphyrin I 1128. 
4-Nitro-p -terphenyl 825. 
2-Nitrothiophene 826. 
4-Nitroto}uene/Zinc(II) ethioporphyrin I 1129. 
4-Nitroveratrole 452. 
1,3,6,8-Nonatetraen-5-one, 1,9-bis(dimethylamino)- 194. 
1,4,6,8-Nonatetraen-3-one, 1,9-bis(dimethylamino)- 195. 
2,5-Norbornadiene, 2,3-dibenzoyl- 353. 
1,3,5,7,9,11,13,15,17 -Octadecanonaene, 

3,7,12, 16-tetramethyl-l, 18-bis
(2,6.6-trimethyl-l-cyclohexen-l-yl)-, (all-E)- 254. 

Octaethylporphinatopalladium(II) 827. 
Octaethylporphinatotin(IV) dichloride 828. 
8,9,10,11,12,13,14, 15-0ctahydro-5, 7: 16, 18-dietheno-

2,21-octanocyc1opentadeca[ 1 ,2-a ; 1, IS-a ']diindene 829. 
(all-E)-3,7, 11, 15,20,24,28,32-0ctamethyl-l,34-bis

(2,6,6-trimethyl-l-cyclohexen-l-yl)
tritriacontaheptadecaene 830. 
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1,3,5,7-0ctatetraene, 1,8-diphenyl- 544. 
2,4,6-0ctatriene, 2,6-dimethyl-, (E ,Z)- 806. 
3,5,7-0ctatrien-2-one, 8-(dimethylamino)- 462. 
3,5,7 -Octatrien-2-one, 6-methyl-8-

(2,6,6-trimethyl-l ~cyclohexen-l-yl)-, (E,E ,E)- 751. 
3,5,7-0ctatrien-2-one, 6-methyl-S

(2,6,6-trimethyl-l-cyclohexen-l-yl)-, (E,E ,Z)- 752. 
3,5,7-0ctatrien-2-one, 6-methyl-8-

(2,6,6-trimethyl-l-cyclohexen-l-yl)-, (E,Z ,E)- 753. 
3,5,7 -Octatrien-2-one, 6-methyl-8-

(2,6,6-trimethyl-l-cyc1ohexen-I-yl)-, (E,Z ,Z)- 754. 
Orotate ion 831. 
Orotic acid 832. 
Osmium(II) tris(2,2' -bipyridine) 1104. 
2,2' -Oxacarbocyanine iodide, 3,3'-diethyl- 398. 
1,3,4-0xadiazole, 2-( 4-biphenylyl)-5-phenyl- 181. 
1,3,4-0xadiazole, 2,5-di(1-naphthyl)- 509. 
1,3,4-0xadiazole, 2,5-diphenyl .. 545. 
1,3,4-0xadiazole, 2-(l-naphthyl)-5-phenyl- 803. 
1,3,4-0xadiazole, 2-(2-naphthyl)-5-phenyl- 804. 
7-0xa-2,3-dibenzoylbicyclo[2.2.1]hepta-2,S-diene 833. 
7 -Oxa-2, 3-dibenzoylbicyclo[2.2.1 ]hept-2-ene 834. 
2,2'-Oxadicarbocyanine iodide, 3,3'-diethyl- 399. 
Oxazole, 2-( 4-biphenylyl)-S-phenyl- 182. 
Oxazole, 2,5-di( 4-biphenylyl)- 357. 
Oxazole, 2,5-diphenyl- 546. 
Oxazole, 2-(l-naphthyl)-5-phenyl- 805. 
Oxazole, 2,2'-(l,4-phenylene)bis[5-(4-butoxyphenyl)- 884. 
Oxazole, 2,2' -(1,4-phenylene)bis[5-phenyl- 885. 
Oxirane, cis -2,3-dimethyl-2,3-di-(2-naphthyl)- 480. 
Oxirane, trans -2,3-dimethyl-2,3-di-(2-naphthyl)- 481. 
Oxirane, cis-2,3-di-(2-naphthyl)- 510. 
Oxirane, trans-2,3-di-(2-naphthyl)- 511. 
2-(3-0xobenzo[ b ]se1enophen-2(3H)-ylidene) 

benzo[b ]selenophen-3(2H)-one 401. 
2-(3-0xobenzo[ b ]thien-2(3H)-ylidene) 

benzo[b ]thiophen-3(2H)-one 1062. 
7 -Oxo-7 H -furo[3,2-g ][ 1 )benzopyran-6-carboxylic acid, 

ethyl ester 246. 

cis-2-(l-Oxonaphtho[2,1-b ]thiophen-2(lH)-ylidine) 
naphthol 1 ,8-be ]thiopyran-3(2H)-one 849. 

trans -2-(l-Oxonaphtho[2, I-b ]thiophen-2(lH)-ylidine) 
naphthol 1 ,8-be ]thiopyran-3(2H)-one 850. 

Oxonine cation 835. 
Oxonine cation, conjugate monoacid 836. 
4-(1-Oxo-3-phenyl-2-propenyl)benzonitrile 310. 
Oxotitanium(IV) tetraphenylporphyrin 837. 
PMDA953. 
POPOP 885. 
PPO 546. 
Palladium(II) etioporphyrin I 838. 
Palladium(II) octaethylporphyrin 827. 
Palladium(II) tetrabenzoporphyrin 839. 
Palladium(II) tetrakis( carboxyphenyl)porphyrin 840. 
Palladium(II) tetrakis( 4-N -methylpyridyl)porphyrin 841. 
Palladium(II) tetrakis(p -sulfonatophenyl)porphyrin 842. 
Palladium(II) tetraphenylporphyrin 843. 
[2.2]Paracyclophane 844. 
Pentacene 845. 

Pentacyclo[18.2.2.29,12.04,15.06,17]hexacosa-4,6(l7),9, II, 15, 
20,22,23,25-nonane-lO,25-dicarbonitrile 846. 

1,3,6,8, 10, 12, 14-Pentadecaheptaen-5-one, 
1, 15-bis( dimethylamino )-, all-trans - 196. 

2,4-Pentadienal, 3-methyl-5-
(2,6,6-trimethyl-l-cyc1ohexen-l-yl)-, (E ,E)- 755. 

2,4-Pentadienal, 3-methyl-5-
(2,6,6-trimethyl-1-cyclohexen-l-yl)-, (E ,Z)- 756. 

2,4-Pentadienal, 3-methyl-5-
(2,6,6-trimethyl-I-cyclohexen-l-yl)-, (Z ,E)- 757. 

2,4-Pentadienal, 3-methyl-5-
(2,6,6-trimethyl-l-cyclohexen-l-yl)-, (Z ,Z)- 758. 

Pentahelicene 847. 
1,S-Pentanedione, 2,4-dimethyl-l,5-diphenyl- 482. 
2,4-Pentanedione, 3-phenyl- 872. 
2,4-Pentanedione, l,l,l-trifluoro- 1080. 
2,4-Pentanedione 11. 
Pentaphene 848. 
cis -Perinaphthothioindigo 849. 
trans -Perinaphthothioindigo 850. 
1,4-PerinaphthyldiyI851. 
Perylene 852. 
Perylene/Chloranil 853. 
IH -Phenalene, 2,3-dihydro- 426. 
Phenanthrazine 1019. 
9-Phenanthrenamine 56. 
Phenanthrene 854. 
Phenanthrene, 3-acetyl-9,10-epoxy-9,lO-dihydro- 15. 
Phenanthrene, 9-amino- 56. 
Phenanthrene, 9-bromo- 227. 
Phenanthrene, 3,4-dihydro- 427. 
Phenanthrene, 9,lO-dihydro- 428. 
Phenanthrene, 9-ethyl- 576. 
Phenanthrene, 9-hydroxy- 627. 
Phenanthrene-dlO 855. 
Phenanthrene/Pyromellitic dianhydride 856. 
Phenanthrene/Tetrachlorophthalic anhydride 857. 
Phenanthrene-dlO/Tetrachlorophthalic anhydride 858. 
Phenanthridine 859. 
6(5H)-Phenanthridinone 860. 
Phenanthro[9, lO-b ]furan-2(3H)-one, 3-benzyl-3-phenyl-

162. 
9-Phenanthrol 627. 
4,7-Phenanthroline, 3,8-dimethyl- 499. 
1,10-Phenanthroline 861. 
1,7 -Phenanthroline 862. 
1,8-Phenanthroline 863. 
1,9-Phenanthroline 864. 
4,7 -Phenanthroline 86S. 
Phenanthro[3,4-e ]phenanthrene 608. 
Phenazine 866. 
Phenazine, conjugate monoacid 867. 
Phenazine, 5,10-dihydro-5,lO-dimethyl- 416. 
Phenazine, 5,lO-dihydro-S,10-diphenyl- 419. 
Phenazine, 5,10-dihydro-S-methyl-10-phenyl- 422. 
Phenazine methosulfate 743. 
Phenazinium, 3,7 -diamino-2,8-dimethyl-5-phenyl- 990. 
Phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, 

conjugate diacid 991. 
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Phenazinium, 3,7-diamino-2,8-dimethyl';5-phenyl-, 
conjugate· monoacid 992. 

Phenol 868. 
Phenol, 2-[1-(butylimino)ethyl]-5-methyl- 234. 
Phenol, 4-methoxy- 679. 
Phenol, 4-methyl- 304. 
Phenol, 4-phenyl- 615. 
Phenosafranin 869. 
5-Phenoselenazinium, 3,7-diamino- 993. 
5-Phenoselenazinium, 3,7 -diamino-, conjugate monoacid 

994. 
Phenothiazine 870. 
Phenothiazine, 2-chloro-10-dimethylaminopropyl- 292~ 

10H -Phenothiazine, IO-methyl- 744. 
1 OH -Phenothiazine-1 O-propanamine, 

2-chloro-N ,N -dimethyl- 292. 
lOH -Phenothiazine-IO-propanamine, N ,N -dimethyl- 924. 
Phenothiazin-J-ium, 3,7-bis(dimethylamino)- 719. 
Phenothiazin-5-ium, 3,7 -bis( dimethylamino )-, conjugate 

monoacid 720. 
Phenothiazin-5-ium, 3,7-bis(dimethylamino)-4-nitro- 722. 
Phenothiazin-5-ium, 3,7-diamino- 1063. 
Phenoxazine 871. 
Phenoxazin-5-ium, 3,7-bis(diethylamino)- 1024. 
Phenoxazin-5-ium, 3,7-diamino-, conjugate monoacid 836. 
Phenoxazin-5-ium, 3,7 -diamino- 835. 
a-Phenylacetophenone 332. 
3-Phenylacetylacetone ·872. 
Phenylacetylene 873. 
9-Phenylacridan 874. 
N-Phenylacridan 875. 
Phenylalanine 876. 
4-(Phenylamino )-7 H -benz[ de ]anthracen-7 -one 877. 
9-Phenylanthracene 878. 
4-Phenylbenzaldehyde 175. 
4-Phenylbenzophenone 879. 
9-Phenyl-9H "9-bismafluorene 880. 
1-Phenyl~I,3-butanedione 146. 
1-Phenyl-l-butene 578. 
1-Phenylcyclohexene 881. 
1-Phenyldeoxybenzoin 882. 
S-Phcnyl-SH -dibcnzobismolc 880. 
5-Phenyl-5H -dibenzophosphole 897. 
5-Phenyl-5H -dibenzostibole 899. 
2,2' -(1,4-Phenylene )bisbenzoxazole 883. 
2,2'-(1,4-Phenylene)bis[5-(4-butoxyphenyl)oxazole] 884. 
2,2' -(1,4-Phenylene )bis[ 5-phenyloxazole] 885. 
1,4-Phenylenediamine, N,N'-dimethyl-N,N'-diphenyl-

483. 
p -Phenylenediamine, N,N -dimethyl- 500. 
p-Phenylenediamine, N,N'-diphenyl- 547. 
p-Phenylenediamine, N,N' -diphenyl-, conjugate acid 

548. 
p-Phenylenediamine, N,N,N',N'-tetramethyl- 1049. 
(E)-4-(2-Phenylethenyl)benzonitrile 316. 
2-(1-Phenylethenyl)biphenyl 180. 
(E)-2-(2-Phenylethenyl)naphthalene 802. 
O-(2-Phenylethyl) 

4-( dimethylamino )benzenecarbothioate 886. 
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0-(2-Phenylethyl) 4-methoxybenzenecarbothioate 887. 
0-(2-Phenylethyl) l-naphthalenecarbothioate 888. 
O-(2-Phenylethyl) 2-naphthalenecarbothioate 889. 
2-Phenylindene 890. 
{3-Phenyl-4' -methoxypropiophenone 891. 
1-[[ (Pheny lmethyl)sulfonyl]methyl]naphthalene 892. 
I-Phenylnaphthalene 893. 
2-Phenylnaphthalene 894. 
N -Phenyl~ I-naphthylamine 62. 
N -Phenyl-2-naphthylamine 895. 
2-Phenyl-2-norbornene 896. 
2-Phenyl-2-pentene 724. 
4-Phenylpheno1615. 
9-Phenyl-9H -9-phosphafluorene 897. 
9-Phenylproflavine, conjugate mono acid 898. 
I-Phenyl-1-propyne 928. 
Phenyl-4-pyridyl ketone 157. 
9-Phenyl-9H -9-stibanuorene 899. 
I-Phenylthio-3,4-dihydronaphthalene 900. 
Phenyl[2,4,6-tris(l-methylethyl)phenyl]methanone 1084. 
(l-Phenylvinyl)acenaphthene 4. 
Pheophytin a 901. 
Pheophytin b 902. 
3-Phorbinepropanoic acid, 9-ethenyl..; 14-ethyl-4,8, 13, 18-

tetramethyl-20-oxo-, methyl ester, (35S-trans)- 747. 
3-Phorbinepropanoic acid, 

9-ethenyl-14-ethyl-21-(methoxycarbonyl)- 901. 
3-Phorbinepropanoic acid, 9-ethenyl-14-ethyl-

13-formyl-21-(methoxycarbonyl)- 902. 
9H -9-Phosphafluorene, 9-phenyl- 897~ 

Photoprotoporphyrin isomer "A", dimethyl ester 903. 
Photoprotoporphyrin isomer "8", dimethyl ester 904. 
Phthalazine 905. 
Phthalimide, ·3,6-Dihydroxy-444. 
Phthalimide, 3-amino-N-methyl- 50. 
Phthalimide, 3,6-diamino- 336. 
Phthalimide, N -[ (dipropylamino )methyl]- 550. 
Phthalimide, N -'methyl- 745. 
Phthalimide, N-propyl- 927. 
Phthalocyanatocopper(II) 297. 
Phthalocyaninatobis(pyridine)ruthenium(II) 906. 
Phthalocyaninatomagnesium(II) 6S3~ 
Phthalocyaninatozinc(II) 1130. 
Phthalocyanine 907. 
Phthalonitrile 382. 
15-cis-Phytoene 908. 
all-trans-Phytoene 909. 
Picene 910. 
Pinacyanol chloride 392. 
2-Piperidinoanthraquinone 911. 
Pivalophenone 912. 
Poly[ oxy[2-(I-pyrenylmethyl)-1 ,3-propanediyl]

oxy(l ,4-dioxo-1 ,4-butanediyl)] 913. 
Poly[oxy[2-(1-pyrenylinethyl)-1,3-propanediyl]oxy

(1,4..;dioxo-l,4-butanediyl)]/l,4-Dicyanobenzene 914. 
Poly[ oxy[2-( I-pyrenylmethyl)-l ,3-propanediyl]

oxy(1,4-dioxo-l,6-hexanediyl)] 915. 
Poly[ oxy[2-(1-pyrenylmethyl)-1,3-propanediyl]oxy

(1,4-dioxo-1,6-hexanediyl)]/l ,4-Dicyanobenzene· 916. 
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Poly(phenylisopropenyl ketone) 917. 
Poly(4-vinylbenzophenone) 918. 
Poly(2-vinylnaphthalene) 919. 
Porphinatozinc(II) 1131. 
21H ,23H -Porphine, 2,3-dihyro-5, to, 15,20-tetraphenyl-

1053. 
21H,23H-Porphine, 5,IO,I5,20-tetraethyl- 1026. 
2IH ,23H -Porphine, 2,8,12, I8-tetraethyl-

2,3-dihydro-3, 7,13,17 -tetramethyl- 579. 
Porphine. tetrakis(2.6-dimethyl-4-sulfonatophenyl)-

1032. 
Porphine, tetrakis(2-N -methylpyridyl)- 1033. 
Porphine, tetrakis(3-N -methylpyridyl)- 1034. 
Porphine, tetrakis( 4-N -methylpyridyl)- 1035. 
Porphine, tetrakis(2-pyridyl)-, conjugate diacid 1039. 
Porphine, tetrakis(3-pyridyl)-, conjugate diacid 1040. 
Porphine, tetrakis,(4-pyridyl}-, conjugate diacid 1041. 
Porphine, tetrakis(2-pyridyl)- 1036. 
Porphine, tetrakis(3;'pyridyl)- 1037. 
Porphine, tetrakis( 4-pyridyl)- 1038. 
Porphine, tetrakis(p -sulfonatophenyl)- 1043. 
Porphine, tetrakis(trimethylaminophenyl)- 1044. 
Porphine, meso-tetraphenyl- 1057. 
21 H .23H -Porphine 920. 
21H,23H -Porphine-2,18-dipropanoic acid, 

2,3-dihydro-3,3,7, 12, I7-pentamethyl- 213. 
Porphine-6, 7 -dipropionic acid, 

I,3,5,8-tetramethyl-2,4-divinyl- 930. 
Porphyrin, tetraphenyl-, dianion 1058. 
PrOH/Dibenz[a J]acridine 338. 
Proflavine 921. 
Proflavine, conjugate diacid 922. 
Proflavine, conjugate mono acid 923. 
Promazine 924. 
1,3-Propandiol diacetate, 2-(I-pyrenylmethyl)- 949. 
Propane, I,3-di(9-phenanthryl)- 526. 
Propanedinitrile, 

2.2'.2" -( 4.5-dihydroxy-2-oxo-4-cyclopentene-
1,3-diylidene)bis-, dianion 306. 

I,3-Propanedione, I,3-diphenyl- 355. 
4-Propanenitrile, 3-[[ 4-[(2,4-dinitrophenyl)azo ]phenyl]-

(2-hydroxyethyl)amino]- 521. 
Propanoic acid, 2-methyl-4-benzoylphenyl ester 746. 
I-Propanone, 2-acetoxy-2-methyl-I-phenyl- 10. 
I-Propanone, I-(4-biphenylyl)-3-chloro- 179. 
1-Propanone, 3-chloro-l-(2-naphthyl)- 281. 
I-Propanone, 2,2-dimethyl-I-phenyl- 912. 
I-Propanone, I,2-diphenyI716. 
I-Propanone, 2-hydroxy-2-methyI-l-phenyl- 625. 
1-Propanone, 

2-hydroxy-2-methyl-l-[ 4-(2-propyl)phenyl]- 626. 
I-Propanone, I-(4-hydroxyphenyl)- 628. 
I-Propanone, 2-methoxy-2-methyl-I-phenyl- 671~ 

1-Propanone, 1-( 4-methoxyphenyl)- 682. 
I-Propanone, 1-( 4-methoxyphenyl)-3-phenyl- 891. 
2-Propen-l-one, 1-(9-anthracenyl)- 87. 
2-Propen-I-one, 3-[4-( dimethylamino )phenyl]-I-phenyl-

455. 
2-Propen-l-one, 1,3-diphenyl- 258. 

2-Propen-l-one, 3-(4-methoxyphenyl)-1-phenyl- 667. 
Propionate ion, 

2-amino-3-( 4-methoxy-6-benzothiazolyl)- 47. 
9-Propionylanthracene 925. 
Propiophenone 926. 
Propiophenone, 2-(N-formylamino)-3'-amino- 55. 
Propiophenone, 4' -hydroxy- 628. 
N -Propylphthalimide 927. 
I-Propynylbenzene 928. 
Protoporphyrin 929. 
Protoporphyrin IX 930. 
Protoporphyrin IX, dimethyl ester 931. 
Protoporphyrin IX, dimethyl ester, conjugate diacid 932. 
Protoporphyrin IX, dimethyl ester, conjugate monoacid 

933. 
Pseudoisocyanine 394. 
Ps,oralen 934. 
Psoralen, 4' -aminomethyl-4,5' ,8-trimethyl- 51. 
Psoralen, 3-carbethoxy- 246. 
Psoralen, 4',5'-dihydro- 430. 
PsoraIen, 4' ,5'-dihydro-3-carbethoxy- 411. 
Psoralen, 5-methoxy- 683. 
Psoralen, 8-methoxy- 684. 
Psoralen. 4.5' .8-trimethyl- 1091. 
4',5'-Psoralen-thymine photo adduct 935. 
4-[3H]Pteridinone, 2-amino- 57. 
Pterin 57. 
IH -Purin-2-amine 58. 
Purine 936. 
Purine, 2-amino- 58. 
Purine. 2-(dimethylamino}- 466. 
Pyranthrene 937. 
Pyrazine 938. 
IH ,5H -Pyrazolo[ 1 ,2-a ]pyrazole-I ,5-dione, 

2,3,6,7 -tetramethyl- 1047. 
Pyrene 939. 
Pyrene, I-bromo- 228. 
Pyrene. 4-hydroxy- 629. 
Pyrene, I,3,6,8-tetraphenyl- 1059. 
Pyrene-dlO 940. 
Pyrene/Chloranil 941. 
Pyrene/Diethylaniline 942. 
Pyrene/Tetracyanobenzene, 1: 1 943. 
Pyrene/Tetracyanobenzene, 2: 1 944. 
1-Pyrenecarboxaldehyde 945. 
Pyrene-I-sulfonate 946. 
Pyrene-3-sulfonate 947. 
4-Pyreno1629. 
[2.2](2,7)-pyrenophane 948. 

2-(I-Pyrenylmethyl)-I,3-propandiol diacetate 949. 
2-(1-Pyrenylmethyl)-l ,3-propandiol diacetate/l,4-

Dicyanobenzene 950. 
Pyridine, 2-amino- 59. 
Pyridine, 4-amino- 60. 
Pyridine, 2-benzoyl- 155. 
Pyridine, 3-benzoyl- 156. 
Pyridine, 4-benzoyl- 157. 
Pyridine, 2-(dimethylamino)- 467. 
Pyridine, 4-( dimethylamino)- 468. 
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Pyridine, 4-nitro-, N -oxide 821. 
Pyridine, 4-pyrrolidino- 956. 
Pyridinium, l-methyl-4-[ 4-cyanostyryl]- 713. 
Pyridinium, l-methyl-4-[ 4-nitrostyryl]- 742. 
Pyrido[2, I ,6-de ]quinolizine 951. 
Pyrimidine 952. 
Pyrimidine, 2,4-dihydroxy-5-methyl- 1072. 
4-Pyrimidinecarboxylic acid, 

2,6-dioxo-I,2,3,6-tetrahydro- 832. 
2,4(IH,3H)-Pyrimidinedione 1115. 
Pyrimido[ 4,5-b ]quinoline-2,4(3H, IOH)-dione, 

3,7,8,1O-tetramethyl- 715. 
Pyromellitic dianhydride 953. 
Pyromellitic dianhydridelDiethyl ether 954. 
Pyromellitic dianhydride/l-Methylnaphthalene 735. 
Pyronine 955. 
Pyronine G 955. 
Pyronine Y 955. 
4-Pyrrolidinopyridine 956. 
Pyruvic acid 957. 
Quantacurc SKS anion 958. 
Quaterphenyl, 4,4' -bis( diethylamino)- 1027. 
Quaterphenyl, p,p' -diamino- 959. 
[1,1' :4',1" :4",1 fI' -Quaterphenyl]-4,4'" -diamine 959. 
p -Quaterphenyl 960. 
Quinaldine Blue 392. 
Quino[2,3-b ]acridine-7, 14-dione, 5,12-dihydro-5-methyl-

423. 
Quino[2,3-b ]acridine-7, 14-dione, 5,12-dihydro- 431. 
Quinoline 961. 
Quinoline, conjugate acid 962. 
Quinoline, 1,2-dihydro-2,2,4,6-tetramethyl- 432. 
Quinoline, 4-nitro-, N -oxide 822. 
Quinoline, 2-[2-(5-nitro-2-furanyl)]ethenyl- 817. 
2(IH)-Quinolinone 247. 
Quinone 143. 
Quinoxaline 963. 
Quinoxaline-I,4-dioxide 964. 
I, I' :4', I" :3", I'" :4"', I"" -Quinquephenyl, 

5" -[I, I' -biphenyl]-4-yl- 183. 
ResorcinollEosin 560. 
Retinal 96!'J. 
II-cis -Retinal 966. 
13-cis -Retinal 967. 
7,9-cis-Retinal 968. 
7 -cis -Retinal 969. 
9-cis-Retinal 970. 
all-trans-Retinal!(CF3)2CHOH 971. 
all-trans-Retinal/l,1,1,3,3,3-Hexafluoro-2-PrOH 971. 
all-trans-RetinaI972. 
Retinoic acid, methyl ester 748. 
all-trans-Retinoic acid 973. 
Retinol acetate 975. 
all-trans-RetinoI974. 
Retinyl acetate 975. 
N-ll-cis-Retinylidene-n-butylamine, conjugate acid 980. 
N -all-trans-Retinylidene-n -butylamine, conjugate acid 

981. 
N-ll-cis-Retinylidene-n-butylamine 976. 

J. Phys. Chem. Ref. Data, Vol. 15, No.1, 1986 

N~ 13-cis -Retinylidene-n -butylamine 977. 
N -9-cis-Retinylidene-n -butylamine 978. 
N -all-trans-Retinylidene-n -butylamine 979. 
Rhodamine, N,N'-diethyl- 400. 
Rhodamine, tetraethyl- 983. 
Rhodamine 110 982. 
Rhodamine 6 400. 
Rhodamine B 983. 
Rhodamine G 400. 
Rhodamine 6G 984. 
Rhodamine 6G cation, conjugate monoacid 985. 
Rhodamine 6G dimer 986. 
Rhodamine X 400. 
Rhodium(III) bromo(methanol)phthalocyanine 222. 
Rhodium(III) chloro(methanol)phthalocyanine 277. 
Rhodium(III) iodo(methanol)phthalocyanine 635. 
Rhodium(III) tetraphenylporphyrin chloride 1056. 
Rhodium(III) tris(I,IO-phenanthroline) 1106. 
Rhodium(II) tetrakis(p -sulfonatophenyl)porphyrin 1042. 
Riboflavin 5' -(dihydrogen phosphate) 581. 
Riboflavine, conjugate monoacid 987. 
Rose Bengal 988. 
Rubrene 989. 
Ruthenium(II) bis( dimethylformamide )phthalocyanine 

204. 
Ruthenium(II) bis( dimethylsulfoxide )phthalocyanine 205. 
Ruthenium(II) phthalocyaninatobis(pyridine) 906. 
Ruthenium(II) tris(2,2'-bipyridine) 1105. 
Safranine cation 990. 
Safranine cation, conjugate diacid 991. 
Safranine cation, conjugate monoacid 992. 
Selenine cation 993. 
Selenine cation, conjugate monoacid 994. 
Selenoindigo, 5,5' -diethyl- 401. 
Selenopyronine·995. 
9H -9-Silafluorene, 9,9-diphenyl- 549. 
Skatole 731. 
Sodium 4,4,4-trifluoro-l-phenyl-l,3-butanedione 1083. 
all-trans -Spheroidene 996. 
all-trans -Spheroidenone 997. 
all-trans -Spirilloxanthin 998. 
Spiro[2H -1-benzopyran-2,2' -[2H]indole]-1 '(3H)-ethanol, 

3' ,3'-dimethyl-6-nitro- 618. 
Spiro[2H -1-benzopyran-2,6'(5'H)-phenanthridine], 

R-rnethoxy-5' -rnethyl-6-nitro- 670. 
Spiro[2H -1-benzopyran-2,6'(5'H)-phenanthridine], 

5' -methyl-6-nitro- 741. 
Spiro[9,1O-dihydro-9-oxoanthracene-1O,2'-5',6'-benzindan] 

999. 
Spiro-(2,2' -indolin[2H -1]benzopyran), 

6-chloro-l ,3,3-trimethyl-6' -nitro- 291. 
Spiro-(2,2' -indolin[2H -1]benzopyran), 

6-methoxy-l ,3,3-trimethyl-6' -nitro- 687. 
Spiro-(2,2' -indolin[2H -I ]benzopyran), 

7' -methoxy-I ,3,3-trimethyl-6' -nitro- 688. 
Spiro-(2,2' -indolin[2H -1 ]benzopyran), 

1 ,3,3,6-tetramethyl-6' -nitro- 1048. 
Spiro-(2,2' -indolin[2H -I ]benzopyran), 

1,3,3-trimethyl-6' -nitro- 1088. 
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Spiro-(2,2' -indolin[2H -1 ]benzopyran), 
1,3,3-trimethyl-6' -nitro- 1088. 

Spiro(indoline-2,2' -[2H]benzopyran), 
1-(J3-methacryloxyethyl)-3,3-dimethyl-6' -nitro- 659. 

Spiro[isobenzofuran-l (3H),9' -[9H]xanthen]-3-one, 
2',4',5',7'-tetrabromo-3',6'-dihydroxy-, disodium salt 
556. 

Spiroisobenzofuran~I(3H),9'[9H]xanthen-3-one, 

2',4',5',7'-tetrabromo-3',6'-dihydroxy-562. 
Spiroisobenzofuran-l(3H),9,[9H]xanthen-3-one, 

3' ,6' -dihydroxy-2' ,4' ,5',7' -tetraiodo-, ion(2-) 566. 
Spiro[isobenzofuran-l (3H), 9' -[9H]xanthen-3-one, 

3',7' -dihydroxy- 591. 
Spiro[isobenzofuran-l(3H),9'-[9H]xanthen-3-one, 

3',7'-dihydroxy-, conjugate monoacid 592. 
Spiro[isobenzofuran-l(3H),9' -[9H]xanthen-3-one, 

3',7'-dihydroxy-, ion(I-) 593. 
Spiro[isobenzofuran-l(3H),9' -[9H]xanthen}3-one, 

4,7-dichloro-3',6'-dihydroxy-2',4',5',7'-tetraiodo, di-
-potassium salt 988. -

9H -9-Stannafluorene, 9,9-diethyl- 402. 
9H -9-Stibafluorene, 9-phenyl- 899. 
Stilbene 1000. 
Stilbene, trans -4-amino-4' -nitro- 54. 
Stilbene, trans -4-bromo- 229. 
Stilbene, cis -4-chloro- 288. 
Stilberie, trans-4-chloro- 289. 
Stilbene, trans-4-cyano- 316. 
Stilbene, trans-4-cyano-4' -dimethylamino- 311. 
Stilbene, trans -4-cyano-4' -methoxy- 313. 
Stilbene, 4,4' -dichloro- 378. 
Stilbene, trans -4,4' -dicyano- 386. 
Stilbene, trans-2,5-dimethoxy-4' -nitro- 453. 
Stilbene, trans-4-dimethylamino-4'-nitro- 461. 
Stilbene, trans-2,4-dinitro- 522. 
Stilbene, cls-4,4' -dinitro- 523. 
Stilbene, trans -4,4' -dinitro- 524. 
Stilbene, trans-4-fluoro- 596. 
Stilbene, 4-methoxy-, trans- 685. 
Stilbene, trans-3-methoxy-4'-nitro- 676. 
Stilbene, cis-4-methoxy-4/-nitro- 677. 
Stilbene, trans-4-methoxy-4' -nitro- 678. 
Stilbene, trans-3-nitro- 823. 
Stilbene, trans-4-nitro- 824. 
trans-Stilbene-2,2'-d2 1001. 
trans -Stilbene-2,3,4,5,6-ds 1002. 
trans-Stilbene-4,4'-dz 1003. 
trans-Stilbene-7,7'-dz 1004. 
cis-Stilbene 1005. 
trans-Stilbene 1006. 
trans -Stilbene-d 12 1007. 
Styrene 1008. 
Styrene, trans-l-methoxy-p-nitro- 681. 
Styrene, p-(2-anthryl)- 89. 
Styrene, trans-4-dimethylamino-,8-nitro- 465. 
Styrene, ,8,,8-dimethyl-a-naphthyl- 496. 
Styrene, ,8-ethyl- 578. 
Styrene, a-methyl-p-ethyl- 724. 
Styrene, a-naphthyl- 800. 

Sulfacetamide 1009. 
Sulfanilamide, N' -acetyl- 1009. 
Sulfanilic acid/Eosin 561. 
4-Sulfomethylbenzophenone anion 1010. 
(4-Sulfomethylphenyl)phenylethanedione 958. 
TMPD 1049. 
TMPD 12,6-Diphenyl-l ,4-benzoquinone 533. 
Terephthalonitrile 384. 
Terphenyl, 4,4'-bis(diethylamino)- 1028. 
p-Terphenyl, 4-nitro- 825. 
[1,1' :4',1"-Terphenyl]-4,4" -diamine 1011. 
m -Terphenyl 1012. 
o-Terphenyl1013. 
p -Terphenyl 1014. 
p-Terphenyl-dI4 1015. 
4-( 4-p -Terphenylylmethyl)benzophenone 1016. 
2-([1,1':4',1 "-Terphenyl}4-ylmethyl)triphenylene 1017. 
Testosterone 1018. 
1,2,3,4,5,6,7,8-Tetrabenznaphthalene 347. 
Tetrabenzofulvalene 167. 
Tetrabenzophenazine 1019. 
Tetrabenzoporphinatocadmium(II) 240. 
Tetrabenzoporphinatozinc(II) 1133. 
Tetrabenzoporphine 1020. 
2',4',5',7'-Tetrabromofluorescein dianion 562. 
Tetrabromofluorescein disodium salt 556. 
Tetracene 1021. 
Tetracene, 5-(I,4-epidioxyphenyl)-6, 11, 12-triphenyl- 563. 
Tetracene, 5,6,1l,12-tetraphenyl- 989. 
1,5,9,10-Tetrachloroanthracene 1022. 
Tctrachlorophthalic anhydrideINaphthalene-ds 773. 
Tetrachlorophthalicanhydride/Phenanthrene-dto 858. 
1,2,4,5-Tetracyanobenzene 1023. 
1,3,5,7,9,1 1, 13-Tetradecaheptaene, 3,7, 12-trimethyl-

1,I4-bis(2,6,6.;trimethyl-l-cyc1ohexen-I-yl)-, (all-E)- 1086. 
p,p' -Tetraethyldiaminoquaterphenyl 1027. 
p,p' -Tetraethyldiaminoterphenyl 1028. 
N,N ,N' ,N' -Tetraethyloxoninc cation, conjugate 

monoacid 1025. 
N,N ,N',N'-Tetraethyloxonine cation 1024. 
Tetraethylporphinatozinc(II) -1134. 
Tetraethylporphine 1026. 
N,N,N',N'-Tetraethyl-[I,l':4',I":4",1'''-quaterphenyl]-

4,4'" -diamine 1027. 
N,N ,N',N'-Tetraethyl-[1,l':4',I"-terphenyl]-4,4"

diamine 1028. 
7,8,9,10-Tetrahydrobenzo[a]pyrene-7,8,9,10-tetroll031. 
6ba,6ca, 12ba, I2ca-TetrahydrocyclobutarI.2-a :3,4-a '1-

diacenaphthylene 2. 
6ba,6cp, 12ba, 12cP-Tetrahydrocyclobuta[I,2-a :3,4-a'} 

diacenaphthylene 3. 
7,8,11,12-Tt::trahydru-.p-carutene 255. 
6,7,12,13-Tetrahydro-6, 13:7, I2-di-o -benzenobenzo[5,6]

cycloocta[ 1 ,2-h ]naphthalene 72. 
(R )-4,5,6, 7-Tetrahydrodinaphtho[2, I-b:l ',2'-d][1,6]

dioxecin 1029. 
6,7,8,9-Tetrahydro-4-hydroxythiazolo[ 4,S-h ]isoquinoline-

7 -carboxylate ion 1030. 
7,8,9,10-Tetrabydrotetrahydroxybenzo[a ]pyrene 1031. 
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Tetraiodofluorescein dianion 566. 
Tetrakis(carboxyphenyl)porphinatopalladate(II) ion 840. 
Tetrakis(carboxyphenyl)porphinatozincate(II) ion 1135. 
Tetrakis(2,6-dimethyl-4-sulfonatophenyl)porphine 1032. 
Tetrakis(2,6-dimethyl-4-sulfonatophenyl)porphinato-

zincate(II) ion 1136. 
Tetrakis( 4-N -methylpyridyl)porphinatopalladium(II) 

ion 841. 
Tetrakis(2-N -methylpyridyl)porphine 1033. 
Tetrakis(3-N -methylpyridyl)porphine 1034. 
Tetrakis( 4-N -methylpyridyl)porphine 1035. 
Tetrakis(2-N -methylpyridyl)porphinatozinc(II) ion 1137. 
Tetrakis(3-N -methylpyridyl)porphinatozinc(II) ion 1138. 
T etrakis( 4-N -methy lpyridy l)porphinatozinc(II) ion 1139. 
Tetrakis(2-pyridyl)porphine, conjugate diacid 1039. 
Tetrakis(3-pyridyl)porphine, conjugate diacid 1040. 
Tetrakis( 4-pyridyl)porphine, conjugate diacid 1041. 
Tetrakis(2-pyridyl)porphine 1036. 
Tetrakis(3-pyridyl)porphine 1037. 
Tetrakis(4-pyridyl)porphine 1038. 
Tt:trakhs(p -:sulfunaluplu::n y l)purphinatupalladate(II) ion 842. 
Tetrakis(p -sulfonatophenyl)porphinatorhodate(III) ion 1042. 
Tetrakis(p -sulfonatophenyl)porphine 1043. 
Tetrakis(p-sulfonatophenyl)porphinatozincate(II) ion 1140. 
Tetrakis(trimethylaminophenyl)porphine 1044. 
Tetrakis-4-(N ,N,N -

trimethylammonio)phenylporphinezinc(II) ion 1141. 
N,N ,N' ,N' -Tetramethylbenzidine 1045. 
2,3,5,6-Tetramethylbenzoquinone 552. 
Tetramethyl-p -benzoquinone 552. 
1,1' ,3,3' -Tetramethyl-[ A9,9'-bianthracene]-1O, 10' -dione 1046. 
1,l',3,3'-Tetramethyldianthrone 1046. 
3,4,7,8-Tetramethyl-l,5-diazabicyc1o[3,3,O]octa-3,7-diene-

2,6-dione 1047. 
1,3,5,8-Tetramethyl-2,4-divinylporphine-6,7-dipropionic 

acid 930. 
1,3,3,6-Tetramethyl-6'-nitro-

spiro-(2,2'-indolin[2H -l]benzopyran) 1048. 
N,N ,N' ,N' -T etramethyl-p -phenylenediamine/3-Chloro-

2,6-diphenyl-l,4-benzoquinone 273. 
N,N ,N' ,N' -Tetramethyl-p -phenylenediamine 1049. 
2,3,6,7-Tetramethyl-IH,5H -pyrazolo[1,2-a]pyrazole-

1,5-dione 1047. 
Tetramethylthiuram disulfide 1050. 
Tetramethylthiuram monosulfide 1051. 
Tetraphene 106. 
1,1,4,4-Tetraphenyl-l,3-butadiene 1052. 
Tetraphenylchlorin 1053. 
Tetraphenyl-p -dioxin 1054. 
3,3,4,5-Tetraphenyl-2(3H)-furanone 1055. 
5,6,11,12-Tetraphenylnaphthacene 989. 
Tetraphenylporphinatocadmium(II) 241. 
Tetraphenylporphinatomangnesium(II) 654. 
Tetraphenylporphinatomercury(II) 656. 
Tetraphenylporphinatopalladium(II) 843. 
Tetraphenylporphinatorhodium(lII) chloride 1056. 
Tetraphenylporphinatozinc(II) 1143. 
meso-Tetraphenylporphine 1057. 
Tetraphenylporphyrin dianion 1058. 
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1,3,6,8-Tetraphenylpyrene 1059. 
5,6,11,12-Tetraphenyltetracene 989. 
2,2' -Thiacarbocyanine, 

6,6' -bis( dimethylamino )-3,3' -diethyl-, iodide 191. 
2,2'-Thiacarbocyanine, 3,3'-diethyl-, iodide 403. 
2,2'-Thiacarbocyanine, 3,3'-diethyl-9-methoxy-, iodide 397. 
2,2' -Thiacyanine iodide, 3,3' -dieth y 1- 404. 
2,2'-Thiadicarbocyanine iodide, 3,3'-diethyl- 405. 
2,2'-Thiatricarbocyanine iodide, 3,3'-diethyl- 406. 
4-Thiazolidinone, 5[(3,4-dihydro[ 1,4 ]thiazino[3 ,4-h ]-

benzothiazol-l-yl)methylene ]-3-ethyl-2-thioxo-, (E)- 435. 
4-Thiazolidinone, 3-ethyl-5[(3-ethyl-2(3H)-

benzothiazolylidene )ethylidine ]-2-thioxo-, (E ,Z)- 571. 
2-A2-Thiazoline, benzoylamino~ 147. 
2-A 2 

-Thiazoline, (2' -chlorobenzoyl)amino- 267. 
2-A2-Thiazoline, (4'-chlorobenzoyl)amino- 268. 
2-A 2_ Thiazoline. (2'-methylbenzoyl)amino- 709. 
2-A 2_ Thiazoline, (4'-methylbenzoyl)amino- 710. 
Thiazolo[ 4,5-h Jisoquinoline-7 -carboxylate, 

6,7,8,9-tetrahydro-4-hydroxy-, ion 1030. 
Thiobenzophenone 1060. 
Thiobenzophenone, 4,4'-bis( dimethylamino)- 200. 
Thiobenzophenone, 4,4' -dimethoxy- 454. 
Thiodicarbonic diamide. tetramethyl- 1051. 
Thioflavine 1061. 
Thioflavine T 1061. 
Thioflavine TCN 1061. 
Thioindigo 1062. 
Thioindigo, 5,5' -di-tert -amyl- 337. 
Thioindigo, 5,5' -dibutyl- 364. 
Thioindigo, 6,6' -diethoxy- 388. 
Thioindigo, 6,6'-dihexyloxy- 407. 
Thioindigo, 5,5' -dineopentyl- 514. 
Thionine cation 1063. 
Thionine cation, conjugate monoacid 1064. 
Thiophene, 2,5-bis(5-tert-butyl-2-benzoxazolyl)- 189. 
Thiophene, 2-nitro- 826. 
Thiopyronine 1065. 
Thiopyronine cation 1066. 
4-Thiouridine 1067. 
9H -Thioxanthene-9-thione 1068. 
Thioxanthen-9-one, 2-chloro- 290. 
Thioxanthen-9-one, 2-isopropyl- 639. 
Thioxanthen-9-one, 2-methyl- 749. 
Thioxanthen-9-one 1069. 
9H -Thioxanthen-9-one 1069. 
Thioxanthone 1069. 
Thymidine 1070. 
Thymidine 5' -monophosphate 1071. 
5' -Thymidylic acid 1071. 
Thymine 1072. 
Thymine, negative ion 1073. 
Tin(IV) octaethylporphyrin dichloride 828. 
Tolan 527. 
ToluenelTetracyanobenzene 1074. 
m -Toluic acid 704. 
o-Toluic acid 703. 
p -Toluic acid 705. 
p -Toluquinone 708. 
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Torularhodinaldehyde 387. 
1,3,5-Triazin-2-amine, 

4-chloro-6-[ 4-( diethylamino )phenyl]-N,N -dimethyl- 269. 
1,3,5-Triazine, 4,6-dichloro-2-[4-(diethylamino)phenyl]- 379. 
s-Triazine 1075. 
1,2,3,4,6,7-Tribenzophenazine 1076~ 
Tribenzo[a,c,h ]phenazine 1076. 
1,3,5-Tri(biphenyl-4-yl)benzene 183. 
2,9,10-Trichloroanthracene 1077. 
1,3,5-Tricyanobenzene 1078. 
Tricyc1o[8.2.2.24,7]hexadeca-4,6, 10,12,13, 15-hexaene 844. 
Tricyc1o[8.2.2.24,7]hexadeca-4,6, 10, 12, 13, 15-hexaene-

5,15-dicarbonitrile 1079. 
2,4,6,8,10, 12-Tridecahexaenal, 7, 11-dimeth y 1-

7 -(2,6,6-trimethyl-
1-cyc1ohexen-l-yl)-, (E,E,E,E,E,E)- 501. 

1.3.5.8.10.12-Tridecahexaen-7-one. 
1,13-bis(dimethylamino)-, all-trans- 201. 

1,3,6,8,10,12-Tridecahexaen-5-one, 
1, 13-bis( dimethylamino )-, all-trans - 202. 

Triethylamine/Benzil 113. 
1,1,1-Trifluoroacetylacetone 1080. 
4-(Trifluoromethyl)acetophenone 1081. 
4-(Trifluoromethyl)benzophenone 1082. 
1,1,1-Trifluoro-2,4-pentanedione 1080. 
4,4,4-Trifluoro-1-phenyl-l ,3-butanedione 158. 
4,4,4-Trifluoro-1-phenyl-l,3-butanedionatosodium 1083. 
2,4,6-Triisopropylbenzophenone 1084. 
1,2,3-Trimethoxybenzene/3-Chloro-2,6-diphenyl-

l,4-benzoquinone 274. 
7,8,1 0-TrimethylbenzoL~ ]pteridine-2,4-(3H, 10H}-dione 645. 
2,3,5-Trimethyl-1 ,4-benzoquinone 1085. 
(all-E)-3,7,12-Trimethyl-

1, 14-bis(2,6,6-trimethyl-1-cyc1ohexen-1-yl)-
1,3,5,7,9,1 1, 13-tetradecaheptaene 1086. 

4-(2,6,6-Trimethyl-l-cyclohexen-l-yl)-3-buten-2-one 638. 
1,1,2-Trimethyl-2-(2-naphthyl)ethylene 1087. 
1,3,3-Trimethyl-6' -nitro-

spiro-(2,2' -indolin[2H -1 ]benzopyran) 1088. 
3,5,5-Trimethyl-2-phenoxy-2-cyc1ohexene-l-one 1089. 
4-[Tri(4-methylphenyl)porphinyl]-3-phenoxypropyl 

J3-apo-6'-carotenate 1090. 
4,5' ,8-Trimethylpsoralen 1091. 
Trioxsalen 1091. 
Triphenylamine 1092. 
Triphenylamine, conjugate acid 1093. 
Triphenylamine/3-Chloro-2,6-diphenyl-l,4-

benzoquinone 275. 
Triphc::nylamine/3,.s-Dichloro-2,6-diphenyl-l,4-

benzoquinone 376. 
1,3,5-Triphenylbenzene 1094. 
Triphenylene 1095. 
Triphenylene, 2-bromo- 230. 
Triphenylene-dl2 1096. 
Triphenylene/Chloranil 1097. 
Triphc::nylt!lhylenc:: 1098. 
3,3,5-Triphenyl-2(3H)-furanone 1099. 
Triphenylmethane 1100. 
Triphenylmethyl cation 1101. 

Triphenylmethylium 1101. 
1,3,3-Triphenylprop-2-en-l-one 1102. 
Triptycene, 3-acetyl- 20. 
Tris(2,2' -bipyridine )iridium(III) ion 1103. 
Tris(2,2' -bipyridine)osmium(I1) ion 1104. 
Tris(2,2'-bipyridine)ruthenium(II) ion 1105. 
Tris(1,10-phenanthroline)rhodium(lII) ion 1106. 
Tris( 4,4,4-trifluoro-I-phenyl-l ,3-butanedionato)-

lanthanum(III) 1107. 
Tris( 4,4,4-trifluoro-l-phenyl-1,3-butanedionato)

lutetium(III) 1108. 
1,3,5,7,9, II, 13, 15, 17, 19,21,23,25,27,29,31,33-

Tritriacontaheptadecaene, 3,7,11,15,20,24,28,32-
octamethyl-l,34-bis(2,6,6-trimethyl-l
cyc1ohexen-l-yl)-, (all-E)- 830. 

Trypaflavine cation 30. 
Tryptophan 1109. 
L-Tryptophan, I-methyl- 760. 
DL-Tryptophan 1110. 
L-Tryptophan 1111. 
Tyrosine 1112. 
L-Tyrosylglycine 1113. 
Ubiquinone 30 1114. 
1.3.6.8.10-Undecapentaen-5-one, 

1,11-bis(dimethylamino)-, all-trans- 203. 
Uracil 1115. 
Uracil, 1,3-dimethyl- 502. 
Uridine 1116. 
Uridine monophosphate 1117. 
Uridine 5'-monophosphate 1117. 
Uridylic acid 1117. 
Uroporphyrin I, octamethyl ester 1118. 
2-Vinylnaphthalene 1119. 
Vitamin A 974. 
Vitamin A acid 973. 
Water/3,5~Dinitroanisole 516. 
9H -Xanthene-9-thione 1120. 
9-Xanthenone 1121. 
Xanthone 1121. 
Xanthotoxin 684. 
Xanthylium, 9-(2-carboxyphenyl)-3,6-bis( diethylamino )-, 

chloride 983. 
Xanthylium, 3,6-diamino-9-(2-carboxyphenyl)-, chloride 

982. 
Xanthylium, 9-[2-( ethoxycarbonyl)phenyl]-

3,6-bis( ethylamino )-2,7 -dimethyl-, chloride 984. 
o-Xylene 1122. 
Zeaxanthin 1123. 
Zinc(II) chlorophyll a 1124. 

Zinc(II) cytochrome c 1125. 
Zinc(II) etioporphyrin I 1126. 
Zinc(II) etioporphyrin I/Hexachloroethane 1127. 
Zinc(II) etioporphyrin Iltrans-4-Nitrostilbene 1128. 
Zinc(II) etioporphyrin 1/4-Nitrotoluene 1129. 
Zinc(II) phthalocyanine 1130. 
Zinc(II) porphyrin 1131. 
Zinc(II) protoporphyrin 1132. 
Zinc(II) tetrabenzoporphyrin 1133. 
Zinc(II) tetraethylporphyrin 1134. 
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Zinc(IJ) tetrakis( carboxyphenyl)porphyrin 1135. C7H60 2 Benzoic acid 123. 
Zinc(II) tetrakis(2,6-dimethyl-4-sulfonatophenyl) Methyl-I,4-benzoquinone 708. 

porphyrin 1136. C7H7NO Benzamide 105. 
Zinc(II) tetrakis(2-N -methylpyridyl)porphyrin 1137. C7H7N02 2-Aminobenzoic acid 39. 
Zinc(II) tetrakis(3-N -methylpyridyl)porphyrin 1138. 4-Aminobenzoic acid 40. 
Zinc(II) tetrakis( 4-N -methylpyridyl)porphyrin 1139. C7H7N03 3-Nitroanisole 813. 
Zinc(II) tetrakis(p -sulfonatophenyl)porphyrin 1140. 4-Nitroanisole 814. 
Zinc(II) tetrakis(trimethylaminophenyl)porphyrin 1141. C7HgO Anisole 63. 
Zinc(II) tetraphenylchlorin 1142. p -Cresol 304. 
Zinc(II) tetraphenylporphyrin 1143. C7Hs02 4-MethoxyphenoI679. 

10.2. Formula Index 
C 7HryNs 2-(nimethylamino )purine 466. 

C7H to 1 ,3-Cycloheptadiene317. 
C3H3N3 s-Triazine 1075. all-trans-l,3,5-Heptatriene 605. 
C3H40 3 Pyruvic acid 957. C7H toN2 2-(Dimethylamino )pyridine 467. 
C3H6O Acetone 7. 4-(Dimethylarnino )pyridine 468. 
C4H3N02S 2-Nitrothiophene 826. C7H toO 2-Cyclohepten-l-one 318. 
C4H4N2 Pyrazine 938. CSH4N2 1,2-Dicyanobenzene 382. 

Pyrimidine 952. 1,3-Dicyanobenzene 383. 
C~4N202 Uracil 1115. 1,4-Dicyanobenzene384. 
C4H6O I-Butene-3-one 761. CgHsN04 3,6-DihydroxyphthaIimide 444. 
C4H60 2 2,3-Butanedione 164. CgH6 Phenylacetylene 873. 
C4HsO 2-Butanone 231. CsJi6N2 Phthalazine 905. 

Butyraldehyde 238. Quinoxaline 963. 
CSH2F60 Z I, I, 1,5,5,5-Hexafluoroacetylacetone CSH6N202 Quinoxaline-l,4-dioxide 964. 

607. CaH,N Indole 631. 
CSH3NOS 5-Nitro-2-furoic acid 818. CSH7N30 2 3,6-Diaminophthalirnide 336. 
CSH3N204" Orotate ion 831. CsHs Styrene 1008. 
CSH4N20 3 4-Nitropyridine-N -oxide 821. CsHsN2 I-Methylindazole 727. 
CSH4N20 4 Orotic acid 832. 2-Methylindazole 728. 
CSH4N4 Purine 936. CsHsO Acetophenone 8. 
CsHsF30 2 1,1,1-Trifluoro-2,4-pentanedionel080. CSHS02 2,5-Dimethyl-I,4-benzoquinone 474. 
CsHsN202 Thymine, negative ion 1073. 2,6-Dimethyl-l,4-benzoquinone 475. 
CsHsNs 2-Aminopurine 58. Methyl benzoate 702. 
CSH6 Cyclopentadiene 326. o-Toluic acid 703. 
CSH6N2 2-Aminopyridine 59. m-Toluic acid 704. 

4-Aminopyridine 60. p-Toluic acid 705. 

CSH6N202 Thymine 1072. CSHS04 2,3-Dimethoxy-l,4-benzoquinone 446. 
CSH60 2-Cyclopentenone 327. 2,5-Dimethoxy-I,4-benzoquinone 447. 
C~HR02 2.4-Pentanedione 11. C gH 9N02 4-(Methyl~mlno)henzolc acid 695. 
C6CI40 2 Chloranil 259. CSH9N04 1,2-Dimethoxy-4-nitrobenzene 452. 
C6D6 Benzene-d6 110. CSH90 + Acetophenone, conjugate acid 9. 
C6H40 2 1,4-Benzoquinone 143. C8HIO o -Xylene 1122. 
C~5Cl Chlorobenzene 265. CSHION202 N,N -Dimethyl-4-nitroaniline 497. 
C6HSF Fluorobenzene 594. CSHION20 3S Sulfacetamide 1009. 
C6HSN2O Pterin 57. CSHlON402 Caffeine 242. 
C6H6 Benzene 109. CsHIlN N,N-Dimethylaniline 470. 
C~6N202 4-Nitroaniline 812. CSHI2 1,3-Cyclooctadiene 324. 
C6H6O Pheno1868. CSH12N2 N,N -Dimethyl-p -phenylenediamine 
C6H7N Aniline 61. 500. 
C6H7NsO 7-Methylguanine 126. CSHI4 2,)-Dimethyl-2,4-hexadiene 485. 

C~8 1,3-Cyc1ohexadiene 321. C9F 3H70 4-(Trifluoromethyl)acetophenone 1081. 
CJ{gCIN7O Amiloride 32. C9H3N3 1,3,5· Tricyanobenzene 1078. 
C6H i N202 L3-Dimethyluracil S02. C9H6BrNO 4-Bromoisoquinoline-N -oxide 221. 

C6HsO 2-Cyclohexen-I-one 322. C9H6NO- Carbostyril, negative ion 248. 
C6HI2N2S3 Tetramethylthiuram monosulfide 1051. C9H6N20 3 4-Nitroquinoline-N -oxide 822. 
C6HI 2N2S4 Tetramethylthiuram disulfide 1050. C9H60 2 Chromone 294. 
C7HsN Benzonitrile 128. Coumarin 303. 
C7H6N2OS 3,5-Dinitroanisole 515. C9H60 3 3-Hydroxychrornone 616. 
C7H60 Benzaldehyde 104. 4-Hydroxycoumarin 617. 
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~H7N Isoquinoline 641. C lOH7O- I-Naphthyloxide ion 797. 
Quinoline 961. 2-Naphthyloxide ion 798. 

C9H7NO Carbostyril 247. C IOH 7Oi 2,3-Dihydroxynaphthalene, conjugate 
Isoquinoline-N -oxide 642. base 443. 

C9H7N02 N -Methylphthalimide 745. CIOHs Azulene 95. 
C9H g I-Propynylbenzene 928. Naphthalene 768. 
C9H gN+ Quinoline, -conjugate acid 962. C lOH gN20 2 l-Amino-4-nitronaphthalene 53. 
C9H gN20 2 3-Amino-N -methylphthalimide 50. ClOHSN204 1,4-Dinitronaphthalene 518. 
C9H gOi 4-Chromanone 293. CtoHsO I-Naphthol 786. 
C 9H g0 3 Methyl benzoylformate 711. 
C9H9N I-Methylindole 729. 

2-NaphthoI787. 

2-Methylindole 730. ClOHs02 1,5-Dihydroxynaphthalene 439. 

3-Methylindole 731. 
1,8-Dihydroxynaphthalene 440. 

C9H9N02 2-(N-Formylamino)acetophenone 17. 
2,3-Dihydroxynaphthalene 441. 

C9H 9N03 trans-l-Methoxy-/3-nitrostyrene 681. 
2,7 -Dihydroxynaphthalene 442. 

C9HION2 1,3-Dimethylindazole 486. ClOHs03 4-Hydroxy-6-methylcoumarin 623. 

C9HIOO 3-Methylacetophenone 691. 7-Hydroxy-4-methylcoumarin 624. 

4-Methylacetophenone 692. C IOH g0 3S I-Naphthalenesulfonic acid 776. 

Propiophenone 926. C lOH9CIN2OS (2'-Chlorobenzoyl)amino-2-~ 2-thiazoline 

CI)H IOO a 4'-Hydroxypropiophenone 628. 267. 

3-Methoxyacetophenone 661. (4' -Chlorobenzoyl)amino-2-~ 2-thiazoline 

4-Methoxyacetophenone 662. 268. 

2,3,5-Trimethyl-l ,4-benzoquinone 1085. CIOH 9N 2-Naphthylamine 766. 
C9H IOO4 2,3-Dimethoxy-5-methyl-1 ,4-benzoquinone ClOH9NO I-Methylisoquinoline-N -oxide 732. 

450. C IOH 9N02 N -Ethylphthalimide 577. 

C9H 11N02 Phenylalanine 876. CIOHIO I-Butynylbenzene 237. 

C9H11 N03 Tyrosine 1112. CIOH1oN+ 2-Naphthylamine, conjugate acid 767. 

C9H12N2 4-Pyrrolidinopyridine 956. CIOHION2O 7-Amino-4-methylcarbostyril 49. 

C 9H 12N 20 4 N -Butyl-5-nitro-2-furamide 236. CIOHION2OS Benzoylamino-2-~2-thiazoline 147. 

~H12N20SS 4-Thiouridine 1067. C IOH 100 2 I-Benzoylacetone 146. 
C9H 12N20 6 Uridine 1116. C IOH l1N02 2-(N -Acetylamino )acetophenone 16. 

C9H 13N20 9P Uridine monophosphate 1117. 2-(N -Formyl-N -methylamino)-

ClODs Naphthalene-ds 769. acetophenone 19. 

CIOH2N4 1,2,4,5-Tetracyanobenzene 1023. ClOH12 I-Phenyl-I-butene 578. 
C lOH20 6 1,2,4,5-Benzenetetracarboxylic ClOHI2N202 2-(N-Formylamino)-3'-

anhydride 953. aminopropiophenone 55. 

CIOH SBrN2O 4-Bromo-l-cyanoisoquinoline-N -oxide trans -4-Dimethylamino-/3-nitrostyrene 
217. 465. 

CIOH6Br2 1,4-Dibromonaphthalene 361. 3,4,7,8-Tetramethyl-I,5-diazabicyclo-

C lOH6Clz 1,4-Dichloronaphthalene 377. [3,3,O]octa-3,7-diene-2,6-dione 1047. 
ClOH6F ,3Na02 4,4,4-Trifluoro-l-phenyl-l,3- C toH I20 2 Duroquinone 552. 

butanedionatosodium 1083. 2-Hydroxy-2-methyl-
C IOH6N20 4 1,2-Dinitronaphthalene 517. I-phenylpropan-l-one 625. 

1,8-Dinitronaphthalene 519. 4' -Methoxypropiophenone 682. 
C lOH6N40 2 Alloxazine 31. C lOH I3N02 Methyl 4-dimethylaminobenzoate 717. 

ClOH7Br I-Bromonaphthalene 224. C toH\30t Duroquinone, conjugate monoacid 554. 
2-Bromonaphthalene 225. CIOHI4N20S Thymidine 1070. 

C lOH 7Cl l-Chloronaphthalene 279. C lOH I40 2 Camphoroquinone 243. 

2-Chloronaphthalene 280. CtoH1sNO 8-(Dimethylamino )-3,5,7 -octatrien-2-one 

C IOH 7F30 2 4,4,4-Trifluoro-l-phenyl-l ,3-butanedione 462. 
158. CtoHIsN20gP Thymidine 5' -monophosphate 1071. 

CtoH7I l-Iodonaphthalene 636. C lOH I6 Neo-alloocimene 806. 
2-Iodonaphthalene 637. ClOHI6N2 N,N,N',N'-Tetramethyl-p-phenylene-

C toH7N02 1-Nitronaphthalene 819. diamine 1049. 
2-Nitronaphthalene 820. C 11H60 3 Angelicin 640. 

C IOH7N03 4-Hydroxyquinoline-2-carboxylic acid Psoralen 934. 
643. C IIH7N I-Naphthonitrile 314. 

CIOH7Na03S 2-Naphthalenesulfonic acid, sodium salt CIIH70i I-Naphthoate ion 781. 
775. 2-Naphthoate ion 782. 
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C))HgO I-Naphthaldehyde 764. C)2H9N Carbazole 245. 
2-Naphthaldehyde 765. Pyrido[2, I, 6-de ]quinolizine 951. 

C JlHg0 2 2-Methyl-I,4-naphthoquinone 737. CI2H~NO 2-Benzoylpyridine 155. 
I-Naphthoic acid 784. 3-Benzoylpyridine 156. 
2-Naphthoic acid 785. 4-Benzoylpyridine 157. 

C 11Hs0 3 4' ,5' -Dihydropsoralen 430. 4-Methoxy-l-naphthonitrile 674. 
CJJH9Br 1-(Bromomethyl)naphthalene 223. PhenOXa7.1ne 871. 
C 11H9Cl 1-(Chloromethyl)naphthalene 278. C12H9N02 5-Nitroacenaphthene 811. 
CIlH IO I-Methylnaphthalene 733. 4-Nitrobiphenyl 816. 

2-Methylnaphthalene 734. C12H9NS Phenothiazine 870. 
CIIHIOO 1-Methoxynaphthalene 672. C12H9Nt Phenazine, conjugate mono acid 867. 

2-Methoxynaphthalene 673. C 12H9N20 3S- 6,7,8,9-Tetrahydro-4-hydroxythiazolo-
C IIH IOO4 5,7-Dimethoxycoumarin 449. [4,5-h ]isoquinoline-7-carboxylate 
C IIH 11N02 N -Propylphthalimide 927. ion 1030. 
C I1H IIN03S- 2-Amino-3-(4-methoxy-6-benzothiazolyl)- C l2R IO Acenaphthene 1. 

propionate ion 47. Biphenyl 173. 
C lIH 12N2OS (2' -Methylbenzoyl)amino-2-~ 2-thiazoline 2-Vinylnaphthalene 1119. 

709. C12HION30 + Oxonine cation 835. 
(4' -Methylbenzoyl)amino-2-~Z-thiazoline C12HION3S+ Thionine cation 1063. 
710. C12HION3Se+ Selenine cation 993. 

CIIHI2N202 N -[ (Dimethylamino )methyl]phthalimide C IZH ION4O,! Lumichrome 644. 
459. C12H IOO I'-Acetonaphthone 5. 
Tryptophan 1109. 2'-Acetonaphthone 6. 
DL-Tryptophan 1110. 4-Phenylpheno1615. 
L-Tryptophan 1111. C12H1OOZ p,p'-BiphenoI437. 

C lIH 12N20 4 N-Formylkynurenine 599. Methyl 2-naphthoate 736. 
C lIH 120 2 3-Phenylacetylacetone 872. I-Naphthyl acetate 791. 
C llH 13NOz 2-(N -Acetyl-N -methylamino )acetophcnonc C 12H llN 4-Aminobiphcnyl 43. 

18. 4a ,5a -Dihydrocarbazole 410. 
C 11H I4 2-Phenyl-2-pentene 724. Diphenylamine 528. 
CI1HI4N204 L-Tyrosylglycine 1113. C12H IINO 4-Amino-4' -hydroxybiphenyl 46. 
CllHI4N20S 4-tert-Butyl-3,5-dinitroanisole 233. Cl2HJlN30H Oxonine cation, conjugate monoacid 
C 11H 14O Pivalophenone 912. 836. 
C lIH 140 2 2-Methoxy-2-methyl-I-phenyl-l- C12H llN3SH Thionine cation, conjugate monoacid 

propanone 671. 1064. 
C llH 1SN02 2-(Dimethylamino )ethyl benzoate 457. C12HlIN3SeH Selenine cation, conjugate monoacid 
C llH 1SN2O 1,7 -Bis( dimethylamino)- 994. 

1,4,6-heptatrien-3-one 192. C 12H I2 1,2-Dimethylnaphthalene 489. 
CIIN40~- Croconate Blue dianion 306. 2,3~Dimethylnaphthalene 490. 
C12DIQ Biphenyl-dlO 174. 2,7-Dimethylnaphthalene 491. 
C I2H6N2 1,4-Dicyanonaphthalene 385. l-Ethylnaphthalene 574. 
C12Hs Diphenylene 176. 2-EthylllaphthalcllC 575. 
C 12HsBr2 4,4' -Dibromobiphenyl 359. C12H I2N2 Benzidine 111. 
C12HSN2 Benzo[c ][1,5]naphthyridine 125. C12H 12Nz0 2 I-Dimethylamino-4-nitronaphthalene 

Benzo[ c ][ I ,6]naphthyridine 126. 460. 
Benzo[c ][1, 7]naphthyridine 127. CnH)20 2-Ethoxynaphthalene 567. 
1,10-Phenanthroline 861. C12H I20 2 1,4-Dimethoxynaphthalene 451. 
1,7-Phenanthroline 862. C12H 13N N,N -Dimethyl-2-naphthylamine 492. 
1,8-Phenanthruline 863. C12H 14 I-Phenylcyc1uhexene 881. 
1,9-Phenanthroline 864. C I2H I4N+ N,N-Dimethyl-2-naphthylamine, 
4,7-Phenanthroline 865. conjugate acid 493. 
Phenazine 866. CI2HI4N202 I-Methyl-L-tryptophan 760. 

C 12H g0 3 3-Formylfurochromene 598. Cl2H1403 2-Acetoxy-2-methyl-l-phenyl-l-
2-Formyl-5'-methyldifurobenzene 600. propanone 10. 

C12Hs0 4 5-Methoxypsoralen 683. Butyl benzoylformate 232. 
8-Methoxypsoralen 684. C 12H I6N2 2-tert-Butyl-4-methylindazole 235. 

C12H9Br 4-Bromobiphenyl 216. C12H 17NO I 0-(Dimethylamino)-3, 5, 7,9-
C12H9I 4-Iodobiphenyl 634. decatetraen-2-one 456. 
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Acridine-d9 24. 
2-Chlorothioxanthen-9-one 29.0. 
Fluoren-9-ylidene 589. 
4,4'-Dichlorobenzophenone 372. 
9,10-Dihydro-9-oxo-2-acridinesulfonate 
ion 424. 
Fluoren-9-one 586. 
Thioxanthen-9-one 1.069. 
9H -Xanthene;.9-thione 112.0. 
6H -Dibenzo[ b .d ]pyran-6-one 350. 

Xanthone 1121. 
9H -Thioxanthene-9-thione 1.068. 
4-Chlorobenzophenone 266. 
4-Fluorobenzophenone 595. 
Acridine 23. 
Benzo[f]quinoline 139. 
Benzo[ h ]quinoline 140. 
4-Cyanobiphenyl 3.09. 
Phenanthridine 859. 
9(10H)-Acridinone 29. 
6( 5H)-Phenanthridinone 868. 
9,10-Dihydro-9-oxo-2-acridinesulfonic 
acid 425. 
Fluorene 585. 
1,4-Perinaphthyldiyl 851. 
Acridinium ion 28. 
Benzo[f]quinolizinium 141. 
Benzo[h ]quinolizinium 142. 
9-Aminoacridine 33. 
l-Amino-7 -nitrofluorene 52. 
Benzophenone 133~ 
4-Biphenylcarboxaldehyde 175. 
I-Hydroxyfluorene 621. 
2-Hydroxyfluorene 622. 
2-Hydroxybenzophenone 613. 
4-Hydroxybenzophenone 614. 
3-Formyl-2-methylfurochromene 681. 
3-Formyl-8-methylfurochromene 602. 
Thiobenzophenone 1.06.0. 
3-Chloro-l-(2-naphthyl)-1-propanone 
281. 
Acridan 22. 
2-Aminofluorene 44. 
3-Aminobenzophenone 41. 
4-Aminobenzophenone 42. 
lO-Methylphenothiazine 744. 
Proflavine 921. 
Lumiflavine, negative ion 647. 
Benzophenone, conjugate acid 134. 
2,3-Dihydrophenalene 426. 
1-Methyl-l-(l-naphthyl)ethylene 738. 
2-( 1-Methylethenyl)naphthalene 739. 
I-Methyl-2-vinylnaphthalene 762. 
2-Methyl-3-vinylnaphthalene 763. 
Azure C 99. 
Proflavine, conjugate monoacid 923. 
Lumiflavine 645. 
I-Naphthalenecarbothioic acid, O-ethyl 
ester 774. 

C13H 13N 
C13H13N~+ 
C 13H 13N 40t 
C13H 14 

C 13H 14CI2N4 

C13HISN302 
C 1JH 17N 

C 14D 12 

CI4HoClzOz 
C 14H 6C14 

C 14H60SSi 
C 14H 7CI02 

C I4H 7Cl3 

CI4H7DS 

C 1 .. H 70,S-
C 14HSBr2 
C I4H gC12 

C I4H 9Cl 

CI4H9F30 
C 14H9I 

C14H10C12 
C I4HIOD2 

CI4H lON 20 
CI4HION202 

C14HION204 

N -Methyldiphenylamine 718. 
Proflavine, conjugate diacid 922. 
Lumiflavine, conjugate monoacid 646. 
2-Phenyl-2-norbornene 896. 
4-( 4,6-Dichloro-l,3,5-triazin-2-yl)
N,N -diethylaniline 379. 
8-Methoxy-2,2,3-trimethyl-6-nitro-
2H -chromene 686. 
N -Acetyl-L-tryptophanamide 21. 
1.2-Dihydro-2.2,4.6-tetramethylquinoline 

432. 
2-Hydroxy-2-methyl-l
[4-(2-propyl)phenyl]propan-l-one 626. 
2-[I-(Butylimino )ethyl]-5-methylphenol 
234. 
1,9-Bis(dimethylamino )-
1,3,6,8-nonatetraen-5-one 194. 
1,9-Bis( dimethylamino)-
1,4,6,8-nonatetraen-3-one 195. 
J3-Ionone 638. 
Anthracene-d lO 65. 
Phenanthrene-d1o 855. 
trans -Stilbene-d 12 1007. 
1,8-Dichloroanthraquinone 371. 
1,5,9,10-Tetrachloroanthracene 1022. 
Anthraquinone-2,6-disulfonate ion 77. 
l-Chloroanthraquinone 263. 
2-Chloroanthraquinone 264. 
2,9,10-Trichloroanthracene 1.077. 
trans-Stilbene-2,3,4,5,6-ds 1002. 
9,lO-Anthraquinone-2-sulfonate ion 78. 
9,10-Dibromoanthracene 358. 
1,5-Dichloroanthracene 369. 
9,10-Dichloroanthracene 37.0. 
Anthraquinone 76. 
9-Bromoanthracene 215. 
9-Bromophenanthrene 227. 
l-Chloroanthracene 262. 

4-(Trifluoromethy l)benzophenone 1082. 
2-Iodoanthracene 632. 
9-Iodoanthracene 633. 
l-Aminoanthraquinone 36. 
2-Aminoanthraquinone 37. 
9-Nitroanthracene 815. 
I-Amino-4-hydroxyanthraquinone 45. 
Anthracene 64. 
Benz[a ]azulene 108. 
Diphcnylacctylcnc 527. 
Phenanthrene 854. 
4,4' -Dichlorostilbene 378. 
trans-Stilbene-2,2'-d2 1.001. 
trans -Stilbene-4,4' -d2 1003. 
trans-Stilbene-7,7'-d2 1004. 
2,5-Diphenyl-l ,3,4-oxadiazole 545. 
1,4-Diaminoanthraquinone 335. 
trans -2,4-Dinitrostilbene 522. 
cis -4,4' -Dinitrostilbene 523. 
trans -4,4' -Dinitrostilbene 524. 
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C I4H lOO l-AnthroI80. C 14H 17N02 
2-Anthrol 81. C14Ht7N04 
9-AnthroI82. 
Anthrone 83. 
9-Phenanthrol 627. Ct~t8N202 

C t4H lOOS 2-Methylthioxanthen-9-one 749. 
Ct4HIOO2 Benzil112. C 1sD 12 

C I4H IOO3 4-Carboxybenzophenone 249. CIsHgN202 
Cl4HIOOS 3-Carbethoxypsoralen 246. C tSH9N 
CI~IIBr trans-4-Bromostilbene 229. C 1sH902" 
CI~IICI cis -4-Chlorostilbene 288. CisHlON203 

trans -4-Chlorostilbene 289. C1SHIOO 
C I4H IIF trans-4-Fluorostilbene 596. C 1sH IOO2 
C I4H IIN 9-Aminophenanthrene 56. 

9-Methylacridine 693. C 1sH IOO3 
C I4H IIN02 trans-3-Nitrostilbene 823. 

trans -4-Nitrostilbene 824. C1SHIIN 
C t4H IINS 10-Methyl;.9(10H)-acridinethione 694. C1SHIINO 
C I4H II0 4S- 4-Sulfomethylbenzophenone anion 

1010. ClsHIlOSS-
CI4H I2 3,4-Dihyurophc:::nanthrt:nc::: 427. C1sH12 

9,10-Dihydrophenanthrene 428. 
1,1-Diphenylethylene 539. 
Stilbene 1000. 
cis -Stilbene 1005. CIsHI2N03 
trans -Stilbene 1006. 

CI4H I2N+ 2-Aminoanthracene, conjugate acid 35. ClsH12N202 
CI4HI2N2 3,8-Dimethyl-4,7-phenanthroline 499. 
CI4H12N202 trans -4-Amino-4 f -nitrostilbene 54. C 1sH I2O 
CI4HI2Ns02Br 4-[(2-Bromo-4,6-dinitrophenyl)azo]- C 1sH I20 2 

N,N -dimethylbenzenamine 220. C tsH 13CIO 
C I4H I2O 4-Acetylbiphenyl14. 

Deoxybenzoin 332. C tsH 13NO 
2-Methylbenzophenone 706. C 1sH 13N03 
4-Methylbenzophenone 707. 

C I4H I20 2 Benzoin 124. C 1sH13Nt 
4-Methoxybenzophenone 664. 

CI4HI203 4,5' ,8-Trimethylpsoralen 1091. CIsHi3N03 
CI4Ht20S 4' ,5' -Dihydro-3-carbethoxypsoralen 411. C tSH l4 
Cl4Hl3N20t 1-Methyl-4-[ 4-nitrostyryl]pyridinium 

742. CtsH I40 
CI4H13N402Br 4-[(2-Bromo-4-nitrophenyl)azo]-

N,N ":'dimethylbenzenamine 226. ClsHl402S 
CI4Hl3Ns04 4-[(2,4-Dinitrophenyl)azo ]- ClsHI403 

N .N~dimethylben2enamine 520. ClSHlSN302 
C I4H I3O+ Benzyl phenyl ketone, conjugate acid C 1sH I6 

161. 
C t4H t4 3,3'-DimethylbiphenyI476. 

ClsHIGBrN3S 
Cl4HI4CIN3S Azure A 96. 

C 1sH l6Nt 
Cl4Hl4N2 5, 10-Dihydro-5, IO-dimethylphenazine 

416. 
C 1sH I6Nt Cl4Hl4N204S Phenazine methosulfate 743. 

C I4H l4Nt Acriflavine cation 30. C 1sH t8 
Ct4HI4N3S+ Azure A cation 97. CISHt8N~+ 

Ct4HI4N402 N,N-Dimethyl-4-[(4-nitrophenyl)azo]-
bertzenamine 498. CtsHtS02 

Cl4Ht402 4,4' -Dimethoxybiphenyl 448. 
2-(1-Naphthalenyl)-1,3-dioxane 779. CIsH20CINs 
2-(2-Naphthalenyl)-1,3-dioxane 780. 
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7-Diethylamino-4-methylcoumarin 390. 
cis ,cis-l-(3' -Methoxy-5'-nitro-2'-oxo-
3' ,5' -cyclohexadienyl)-3,4-dimethyl-
1,3-pentadiene675. 
N -[2-(Diethylamino )ethyl]phthalimide 
389. 
9-Methylanthracene-d 12 701. 
9-Cyano-IO-nitroanthracene 315. 
9-Cyanoanthracene 308. 
2-Anthroate ion 79~ 
5-Nitro-2-(2;.quinolylethenyl)furan 817. 
Anthracene-9-carboxaldehyde 68. 
Anthracene-9.;carboxylic acid 70. 
Flavone 583. 
3-Hydroxyflavone 619. 
7-Hydroxyflavone 620. 
trans -4-Cyanostilbene 316. 
Anthracene-9.;.carboxamide 69. 
2,5-Diphenyloxazole 546. 
Quantacure SKS anion 958. 
SH -Dibcuzo[a ,d]cyclohcptellc 348. 
2.;.Methylanthracene' 699. 
9-Methylanthracene 700. 
2-Phenylindene' 890. 
4'-Aminomethyl-4,5',8-trimethylpsoralen 
51. 
l-Amino-4-(N -methyl amino )
anthraquinone48~ 

Chalcone 258. 
Dibenzoylmethane 355. 
1-(4-Biphenylyl)-3-chloro-l-propanone 
179. 
10-Ethyl~9(10H)-acridinone 569. 
trans-3-Methoxy-4' .. nitrostilbene 676. 

. trans-4-Methoxy-4' -nitrostilbene 678. 
I-Methyl-4-[4-cyanostyryl]pyridinium 
713. 
cis -4-Methoxy-4' -nitrostilbene 677. 
1.;(l-Cyc1openten;.l-yl)naphthalene 328. 
2-(I-Cyc1openten-l-yl)naphthalene 329. 
trans -4-Methoxystilbene 685. 
I-Methyldeox-ybenzoin 716. 
4,4' -Dimethoxythiobenzophenone 454. 
4,4';.Dimethoxybenzophenone 445. 
3-Mcthyl';5-dcazalwlliflaville 715. 
1,1,2-Trimethyl-2-(2-naphthyl)ethylene 
1087. 
Azure B 9ft 
Acridine Yellow, conjugate monoacid 27. 
Aurophosphine, conjugate monoacid 94. 
Neutral Red cation 809. 
Guaiazulene 488. 
Neutral Red cation, conjugate diacid 
810. 
3,5,5-Trimethyl-2-phenoxy-
2-cyclohexene-l-one 1089. 
4-Chloro-6-{ 4-( diethylamino )pbenyl]
N ,N -dimethyl-l,3,5-triazin-2-amine 269. 
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ClsH20N202 N -[ (Dipropylamino )methyl]phthalimide C 16H 16 l-(l-Cyclohexen-I-yl)naphthalene 323. 
550. [2.2]Paracyclophane 844. 

ClsH22N20 all-trans -1,11-Bis( dimethylamino)- Cl6H16N20S3 (E ,Z)-3-Ethyl-5[(3-ethyl-
1,3,6,8,10-undecapentaen-5-one 203. 2(3H)-benzothiazolylidene )ethylidine]-

C 1sH 22O (E ,E)~3-Methyl-5-(2,6,6-trimethyl- 2-thioxo-4-thiazolidinone 571. 
l-cyclohexen-1-yl)-2,4-pentadienal 755. C16HI6N20Z trans -4-Dimethylamino-4' -nitrostilbene 
(E ,Z)-3-Methyl-5-(2,6,6-trimethyl- 461. 
1-cyclohexen-1-yl)-2,4-pentadienal 756. Cl~'602 1-( 4-Methoxyphenyl)-3-phenyl-
(Z ,E)-3-Methyl-5-(2,6,6-trimethyl- I-propanone 891. 
1-cyclohexen-1-yl)-2,4-pentadienal 757. C16H160lS 0-(2-Phenylethyl) 
(Z ,Z)-3-Methyl-5-(2,6,6-trimethyl- 4-methoxybenzenecarbothioate 887. 
1-cyc1ohexen-1-yl)-2,4-pentadienal 758. CI6H17N402S+ Methylene Green cation 722. 

C I6D lO Pyrene-d 10 940. C I6H I8 1-(3,3-Dimethyl-l-buten-2-yl)naphthalene 

C'6HSN2 9,10-Dicyanoanthracene 381. 478. 
C,Jis02S2 Thioindigo 1062. cis-3,3-Dimethyl-l-(2-naphthyl)-1-butene 

C'6H9Br 1-Bromopyrene 228. 494. 
C1Ji90 3S- Pyrene-1-sulfonate 946. trans-3,3-Dimethyl-1-(2-naphthyl)-

Pyrene-3-sulfonate 947. I-butene 495. 
CuiHlO 1,4-Diphenylbutadiyne 536. Cl~lBNt Euchrysine, conjugate mono acid 580. 

Fluoranthene 584. C'6H lSN3S+ Methylene Blue cation 719. 
Pyrene 939. C l6H 1SSn 9,9-Diethyl-9H -9-stannafluorene 402. 

C I6H lON2 Benzophenazine 132. C16H19N3S2+ Methylene Blue cation, conjugate 
Dibenzo[f,h ]quinoxaline 351. monoacid 720. 
trans -4,4' -Dicyanostilbene 386. C'6H 20N 2 N,N ,N',N'-Tetramethylbenzidine 1045. 

C1JilO0 4-Hydroxypyrene 629. CI6H21B03 I-Naphthyl diisopropyl borate 794. 
C 16H 11CI 1-(2-Chlorophenyl)naphthalene 282. 2-Naphthyl diisopropyl borate 795. 

1-( 4-Chlorophenyl)naphthalene· 283~ C16H24N20 2,6-Bis[3-( dimethylamino)-
C I6H IlN Benzo[a ]carbazole 114. 2-propenylidene ]cyclohexanone 199. 

Benzo[h ]carbazole 115. C 17H 100 Benzanthrone 107. 
Benzo[c ]carbazole 116. 1-Pyrenecarboxaldehyde 945. 

C l6H IlNO 4' -Cyanochalcone 310. C 17H 1002 6-Hydroxybenzanthrone 612. 
C 1Jil2 5, 1O-Dihydroindeno[2, I-a ]indene 420. C 17H IlN Benz[a ]acridine 101. 

1-Phenylnaphthalene 893. Benz[c ]acridine 102. 
2-Phenylnaphthalene 894. C 17H IlNO 6-Aminobenzanthrone 38. 

CI6HI2N20S 4',5'-Psoralen-thymine photo adduct 935. Benz[b ]acridin-12(5H)-one 103. 
C I6H I2O l-Acetylanthracene 12. 2-(l-Naphthyl)benzoxazole 792. 

9-Acetylanthracene 13. C 17H 12 Benzo(a ]fluorene 120. 
C1Jil20 2 3-Acetyl-9, 10-epoxy-9, 10-dihydro- Renzo[b ]fluorene 121. 

phenanthrene 15. Benzo[c ]fluorene 122. 
C I6H 13N 1-Anilinonaphthalene 62. 8h ,9a -Dihydro-9H -cyc1opropa[e ]pyrene 

N -Phenyl-2-naphthylamine 895. 413. 
C 16H 13NO 1-Benzylisoquinoline-N -oxide 160. 8, lIb -Methanocyclodeca[ cde ]naphthalene 

trans -4-Cyano-4' -methoxystilbene 313. 660. 
C I6H 14 1,2-Dihydro-3-phenylnaphthalene 429. C 17H I2O 9-Anthryl ethenyl ketone 87. 

1,J.·Dimethylanthracene 472. 2-Methylaceanthren-l-one 690. 
9,10-Dimethylanthracene 473. C 17H l3NlOSS- Brilliant Sulfaflavine anion 214. 
1,4-Diphenyl-l,3-butadiene 535. 

C I7H'4N03S- N -Methyl-2-anilino-
1,2-Diphenylcyc10butene 537. 
9-Bthylphcnanthrcnc 576. 6-naphthalenesulfonate ion 698. 

Cl6Hl4N20S3 (E)-5[(3,4-Dihydro[I,4]thiazino- C17H'4N3OSS- 10-Methy 1-5-deazaisoal1oxazine~ 

[3,4-b ]benzothiazol-l-yl)methylene]~ 3-propanesulfonate ion 714. 

3-ethyl~2-thioxo-4-thiazolidinone 435. C 17H 14O 9-Propionylanthracene 925. 

CI6H14N202 1,4-Bis(methylamino )anthraquinone C 17H 140 2 9-Anthraceneacetic acid, methyl ester 67. 

207. C 17H,sN N -Methyl-l-anilinonaphthalene 696. 
C l6H 14OS 2-Isopropylthioxanthen-9-one 639. N -Methyl-2-anilinonaphthalene 697. 
C16Hl402 4-Mcthoxychalconc 667. CI7HI~NjO~ 2-[ 1-(4-Methoxyphenyl)-hydrazinyl-

C I6H'4S I-Phenylthio-3,4-dihydronaphthalene 900. 2-ylidene ]-1-( 4-nitrophenyl)-1 ,3-diketobutane 
Cl6HlSN04 trans -2,5-Dimethoxy-4' -nitrostilbene 680. 

453. C 17H'6Ge Methyl-l-naphthylphenylgermane 740. 
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C17H16N60S 3-[[4-[(2,4-Dinitrophenyl)azo]phenyl]- C 1sH 14 I-(I-Naphthyl)-I-phenylethylene 800. 
(2-hydroxyethyl)amino ]- trans-I-(1-Naphthyl)-2-phenylethylene 801. 
4-propanenitrile 521. trans -1-(2-Naphthyl)-2-phenylethylene 802. 

C 17H 160 3 4-(2-Methylpropionyloxy )benzophenone m -Terphenyl 1012. 
746. o-Terphenyll013. 

C17H 17NO 4-(Dimethylamino )cha1cone 455. p-Terphenyl 1014. 
C17H 1S l-(l-Cyc1ohepten-I-yl)naphthalene 319. ClsH14N2 Tricyclo[8.2.2.24,7]hexadeca-

2-(I-Cyc1ohepten-I-yl)naphthalene 320. 4,6,10,12, 13, I 5-hexaene-
C 17H 1SN2 trans -4-Cyano-4' -dimethylaminostilbene 5,15-dicarbonitrile 1079. 

311. ClsH14N202 N,N'-Dimethylindigo 487. 
C 17H I9CIN2O Pyronine 955. CisHlSCIN4 Phenosafranin 869. 
C 17H 19CIN2S Chlorpromazine 292. C1SH1SN Triphenylamine 1092. 

Thioflavine 1061. C'SH16 1,6-Diphenyl-I,3,5-hexatriene 541. 
Thiopyronine 1065. C 1sH 16N+ Triphenylamine, conjugate acid 1093. 

C 17H 19NOS 0-(2-Phenylethyl) 4-( dimethyl amino )- ClsHI6N2 N,N'-Diphenyl-p-phenylenediamine 
benzenecarbothioate 886. 547. 

C 17H'9N2S+ Thiopyronine cation 1066. [1,1' :4',1" -Terphenyl]-4,4" -diamine 
C 17H I9N2Se+ Selenopyronine 995. 1011. 
C 17H I9N3 Acridine Orange, free base 26. C'SH16O 9-Butyrylanthracene 239. 
C 17H 20N2O 4,4' -Bis( dimethylamino )benzophenone C'SH 160 2S 1-[[ (Phenylmethyl)sulfonyl]methyl]-

190. naphthalene 892. 
C 17H 20N2S 4,4' -Bis( dimethylamino )thiobenzophenone C 1sH 17Nt N ,N' -Diphenyl-p -phenylenediamine, 

200. conjugate acid 548. 
Promazine 924. C 1sH 20 1-( 1-Cycloocten-l-yl)naphthalene 325. 

C 17H 2oNt Acridine Orange, conjugate monoacid C1sH22Nt 6,6'-Biquinoline, conjugate monoacid 
25. 187. 

C17H20N3S+ Neomethylene Blue cation 807. CIsH22N404 D-Glucose phenylosazone 603. 
C 17H 21N3 Auramine 0 93. C18H23N~+ 6,6'-Biquinoline, conjugate diacid 185. 
C 17H 21N40t Riboflavine, conjugate monoacid 987. C 1sH26O (E,E ,E)-6-Methyl-8-(2,6,6-trimethyl-
C 17H 24N2O all-trans -1,13-Bis( dimethylamino)- l-cyclohexen-l-yl)- ' 

1,3,5,8,10,12-tridecahexaen-7-one 201. 3,5,7 -octatrien-2-one 751. 
all-trans -1, 13-Bis( dimethylamino)- (E,E ,Z)-6-Methyl-8-(2,6,6-trimethyl-
1,3,6,8,lO,12-tridecahexaen-5-one 202. l-cyclohexen-l-yl)-

C17H24N40S y-[2-(Formylamino )phenyl]-y-oxo- 3,5,7 -octatrien-2-one 752. 
u-cuninubulyryl-L-lysim::: 597. (E,Z ,E)-6-Mt:lhyl-8-(2,6,6-trimethyl-

C 17H 24O (E,E ,E)-5-Methyl-7-(2,6,6-trimethyl- l-cyclohexen-l-yl)-
1-cyclohexen-l-yl)- 3,5,7 -octatrien-2-one 753. 
2,4,6-heptatrienal 750. (E,Z ,Z)-6-Methyl-8-(2,6,6-trimethyl-

C 1sD 12 Triphenylene-d12 1096. l-cyclohexen-l-yl)-
C 1sD 14 p-Terphenyl-d'4 1015• 3,5,7 -octatrien-2-one 754. 
ClsHIlBr 2-Bromotriphenylene 230. C'9H 120 6 Dicumarol 380. 
C 1sH 12 Bcnz[u ]1:lIlthntlit:I1t: 106. CI9H 13NO 2-(4-BiphellY ly l)bellzoAazole 178. 

Benzo[c ]phenanthrene 131. 2-(I-Naphthyl)-5-phenyloxazole 805. 
Chrysene 295. C 19H'4 1-(lH -Inden-3-yl)naphthalene 630. 
Benzrb lanthracene 1021. C I9H I4O 4-Benzoylbipheny1879. 
Triphenylene 1095. C l9His Triphenylmethyl cation 1101. 

C 1sH,zN2 2,2' -Biquinoline 184. C'9H lSN 9-Phenylacridan 874. 
C 1sH 12N2O 2-(l-Naphthyl)-5-phenyl-l,3,4-oxadiazole N -Phenylacridan 875. 

803. C 19H 16 Tripht:llyhllethaue 1100. 
2-(2-N aphthyl)-5-phenyl-l,3 ,4-oxadiazole CI9H16N2 5,10-Dihydro-5-methyl-IO-phenyl-
804. phenazine 422. 

C llIH 1,O, 2.6-Diphenyl-1.4-benzoquinone 531. C. qH 1fiNt 9-Phenylproflavine, conjugate mono-
3-Methoxybenzanthrone 663. acid 898. 

C 1sH\3Bi 9-Phenyl-9H -9-bismafluorene 880. C I9H I6OS O-(2-Phenylethyl) 
C 18H 13N02 4-Nitro-p -terphenyl 825. I-naphthalenecarbothioate 888. 
C I8H 13Ni 2,2'-Biquinoline, conjugate mono acid O-(2-Phenylc::thyl) 

186. 2-naphthalenecarbothioate 889. 
C 1sH 13P 9-Phenyl-9H -9-phosphafluorene 897. C19H'7CIN203 6-Chloro-l ,3,3-trimethyl-6' -nitrospiro-
C 1sH 13Sb 9-Phenyl-9H -9-stibafluorene 899. (2,2' -indolin[2H -1]benzopyran) 291. 
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C I9H 17NCh 2-Piperidinoanthraquinone 911. C2oH I6O I-Phenyldeoxybenzoin 882. 

CI9HISN203 1,3,3-Trimethyl-6'-nitrospiro- C2oHI602Se2 5,5'-Diethylselenoindigo 401. 
(2,2'-indolin[2H -l]benzopyran) 1088. C2oH1603 7-0xa-2,3-dibenzoyl-

CI9HI9IN2S2 3,3'-Diethyl-2,2'-thiacyanine iodide 404. bicyclo[2.2.I]hept-2-ene 834. 

CI9H2002 2,4-Dimethyl-I,5-diphenyl- C2oHI604 7,8,9,IO-Tetrahydrotetrahydroxy-
1,5-pentanedione 482. benzo[a ]pyrene 1031. 
2-(2-Naphthyloxy)-3,5, 5-trimethyl- C2oHI604S2 6,6'-Diethoxythioindigo 388. 
2-cyclohexen-I-one 799. C2oH 1S 2,2-Dimethyl-l-(I-naphthyl)-

C I9H 23B03 I-Fluorenyl diisopropyl borate 587. l-phenylethylene 496. 
2-Fluorenyl diisopropyl borate 588. 1,8-Diphenyl-I,3,5,7-octatetraene 544. 

Cl9H26N 2O all-trans-1,1:5-Bis(dimethylamino)- C2ofilSN2 120 , 12b-Dihydro-:5,8-dimethyl-
1,3,6,8, 10, 12, 14-pentadecaheptaen- (indolino[2,3-c ]carbazole) 415. 
5-one 196. N ,N'-Dimethyl-3-anilinocarbazole 471. 
2,5-Bis[5-(dimethylamino)- C2oHI9Nt Safranine cation 990. 
2,4-pentadienylidene ]cyclopentanone C2oH20N2 N,N'-Dimethyl-N,N'-diphenyl-
198. 1,4-phenylenediamine 483. 

CI9H2S02 Testosterone 1018. C2oH20N203 1,3,3,6-Tetramethyl-6' -nitrospiro-
C2oH4C14140s Rose Bengal 988. (2,2' -indolin[2H -1 ]benzopyran) 1048. 

C2oH6Br4Na20S Eosin 556. C2oH20N204 1-(2-Hydroxyethyl)-3,3-dimethyl-6' -
C2oH6Br40;- Eosin dianion 562. nitrospiro~(2,2'-indolin[2H -
C2oH614O;- Erythrosin dianion 566. l)benzopyran) 618. 
C2oHsBr2O;- Dibromofluorescein dianion360. 6-Methoxy-I,3,3-trimethyl-6' -nitrospiro-
C2oHsI4Os Erythrosin 565. (2,2'-indolin[2H -l]benzopyran) 687. 
C2oHtoO;- Fluorescein dianion 593. 7' -Methoxy-I,3,3-trimethyl-6' -nitrospiro-
C2oH 12 Benzo[a]pyrene 137. (2,2' -inctolin[ZH -1 ]benzopyran) 688. 

Benzo[ e ]pyrene 138. C2oH20N~+ Safranine cation, conjugate monoacid 992. 
Perylene 852. C2oH20N707Br N -[2-[ (2-Bromo-4,6-dinitrophenyl)azo]-

C2oH12N2 Dibenzophenazine 349. 5-[ (2-cyanoethyl)(2-hydroxyethyl)-
C2oH12N20 2 5, 12-Dihydroquino{2,3-b ]acridine- amino ]-4-methoxyphenyl]acetamide 219. 

7,14-dione 431. C2oH20N 70 ,CI N -[2-[ (2-Chloro-4,6-dinitrophenyl)azo]-
2,2'-(1,4-Phenylene)bisbenzoxazole 883. 5-[(2-cyanoethyl)(2-hydroxyethyl)-

C2oH 12N4Zn Zinc(II) porphyrin 1131. amino ]-4-methoxyphenyl]acetamide 
C2oH120S Fluorescein 591. 270. 
C2oH 13N 7 H -Dibenzo[c ,g ]carbazole 342. C2oH2IN~+ Safranine cation, conjugate diacid 991. 
C2oH130 t Fluorescein, conjugate monoacid 592. C2oH21N707 N -[S-[(2-Cyanoethyl)(2-hydroxyethyl)-
C2oH 14 1,I'-Binaphthyl 171. amino ]-2-[ (2,4-dinitrophenyl)azo]-

2,2' -Binaphthyl 172. 4-methoxyphenyl]acetamide 312. 
9-Phenylanthracene 878. C2oH23B03 l-Anthryl diisopropyl borate 84. 

C2oHI4N20 2-(4-Biphenylyl)-'-phenyl-l ,3,4-oxadiazole 2-Anthryl diisopropyl borate 85. 
181. 9-Anthryl diisopropyl borate 86. 

C2oHI4N202 l-Amino-4-anilinoanthraquinone 34. C2oH24N204 N,N'-Dipentylpyromellitic diimide 525. 
C2oH14N204 trans-N,N'-Diacetylindigo 334. C2oH2404 a-Crocetin305. 
C2oH14N4 21H ,23H -Porphine 920. C2oH26N30+ N,N ,N' ,N' -Tetraethyloxonine cation 
C2oHI40 2-Fluorenyl phenyl ketone 590. 1024. 
C2oH1403 7 -Oxa-2,3-dibenzoylbicyclo[2.2.1]- C20H27N302+ N,N ,N' ,N' -Tetraethyloxonine cation, 

hepta-2,S-diene 833. conjugate monoacid 1025. 
C2oH I4S 1-(2-Anthryl)-2-(2-thienyl)ethylene 90. C2oH2SN20 2,6-Bis[S-(dimethylamino)-2,4-
C20HI sCIN20 3 Rhodamine 110 982. pentadienylidene]cyclohexanone 197. 
C2oli 15N Di-2-naphthylarnine 504. C20H ZOO Retinal 965. 
C2oHlSNOS 2-Benzoyl-N -methyl-p-naphthiazoline II-cis -Retinal 966. 

152. 13-cis -Retinal 967. 
C2oH I6 I-Acenaphthyl-l-phenylethylene 4. 7,9-cis-RetinaI968. 

2-(1-Phenylethenyl)biphenyl 180. 7-cis-Retinal 969. 
3,4-Dihydro-I,I'-binaphthyl409. 9-cis -Retinal 970. 
Triphenylethylene 1098. all-trans-RetinaI972. 

C2oH'6C12IrNt Bis(2.2'-hipyridine)dichloroiridium(III) CzoHzsOz all-trans -Retinoic acid 973. 
ion 188. C2oH 30O all-trans-RetinoI974. 

C2oH16N2 N,N'-DimethyI-S,II-dihydro- C2IH13BrO 9-Benzoyl-l0-bromoanthracene 149. 
indolo[3,2-b ]carbazole 479. C21H 13CIO 9-Benzoyl-l O-chloroanthracene 150. 
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c,dll"N I )1l1CI1:1.\a ,II jacndmc jj9. C22H160Z Benzyl 9-anthroate 159. 

('~lIlllJNO.l 9-Bcnzoy 1-1 O-nitroanthracene 154. (R)~4,5-Dihydrodinaphtho[2,1-e :1',2' -g] 
CZIHI4N202 5,12-Dihydro-5-methyl- (1,4]dioxocin 417. 

quino[2,3-b ]acridine-7, 14-dione 423. 3,3,S-Triphenyl-2(3H)-furanone 1099. 
C 21H I4O 9-Benzoylanthracene 148. C 22H 1S 3,9-Dimethyl-trans-fluorenacene484. 
C21HI402 (S)-Dinaphtho[2, I-d: l' ,2' :fJ[1,3]dioxepin 1 ,2-Di~ I-naphthylethane 507. 

503. C22HIS02 2,3-Dibenzoylbicyclo[2.2. 2]octa-2,5-
C21 H 1SNO 2-( 4-Biphenylyl)-5-phenyloxazole 182. diene 354. 
C21HIS04P (R )-4-Methoxydinaphtho[2, I-d: 1 ',2':fJ C 22H I9N 9-[ 4-(Dimethylamino )phenyl]anthracene 

[l,3,2]dioxaphosphepin 4-oxide 668. 463. 
4-Methoxydinaphtho[2, I-d: l' ,2':fJ C22H23IN20S2 3,3' -Diethyl-9-methoxy-
dioxaphosphepin 4-oxide 669. 2,2' -thiacarbocyanine iodide 397. 

C 21H I6 Di-I-naphthylmethane 508. C 22H 2SO 2,4,6-Triisopropylbenzophenone 1084. 
5-Methyl-endo-cis-fluorenacene 725. C22H30N20 2-[7 -(Dimethylamino)-

C21H I6O 1,3,3-Triphenylprop-2-en-I-one 1102. 2,4,6-heptatrienylidene ]-
C21HI602 2,3-Dibenzoylbicyclo[2.2.1 ]hepta-2,5-diene 6-[S-(dimethylamino)-

353. 2,4-pentadienylidene ]cyclohexanone 
C 21H I8 3,4-Dihydro-2' -methyl-I, l' -binaphthyl 458. 

421. C22H 30O II-cis -/3-apo -14' -Carotenal 250. 
8-(l-Naphthyl)-6,7-dihydro- /3-apo-14'-Carotenal 251. 
5H -benzocycloheptene 793. C 22H 320 2 Retinyl acetate 975. 

C2tH2oCIN3 Benzoflavine 119. C22H 36 1,2,3,4",6,7,8,9,IU-Decahydro-
C21H20N70sBr N -[2-[(2-Bromo-6-cyano-4-nitrophenyl) 1,1,5,5,6,6,10,10-octamethyl-

azo ]-5-[(2-cyanoethyl)(2-hydroxyethyl)- cyclobuta[ 1 ,2:3,4]dicycloheptene 330. 
amino]-4-methoxyphenyIJacetamide 218. C 23H I5NO 4-AniHnohen7.anthrone fl.77. 

C21H21INz02 3,3'-Diethyl-2,2' -oxacarbocyanine C 23H 16O 8-Benzoylnaphtho[ de -2.3.4}bicyclo[3.2.2} 
iodide 398. nona-2,6,8-triene 153. 

C21H21INzS2 3,3'-Diethyl-2,2' -thiacarbocyanine 9-Cinnamoylanthracene 296. 
iodide 403. C23HISN204 . 8'-Methoxy-5-methyl-6' -nitro-

C21H2SN20 2,S-Bis[7-(dimethylamino)-2,4,6- spiro[ (5,6-dihydrophenanthridine-6,2)-
heptatrienylidene ]cycIopentanone 193. (2H)chromene] 670. 

Cl,H:mO, all-trans-Methyl retinoate 748. C:~3HtI~02. (R )-5,6-Dihydro-4H -dinaphtho-
C 22H to0 2 Dibenzo[def,mno ]chrysene-6, 12-dione 346. [2,1:f:l',2'·h ][l,S]dioxonin 418. 
C 22H t2 BenzofghiJperylene 130. 3-Methyl-3,4,S-triphenyl-2(3H)-furanone 

Dibenzo[def,mno ]chrysene 344. 759. 
C22H t3NO 9-Benzoyl-l O-cyanoanthracene 151. ' C23HI9N04 9-[2-( 4-Methoxycarbonylbenzoxy)ethyl]-
C 22H I4 Benzo[ b ]chrysene 117. carbazole 665. 

Benzo[b ]triphenylene 145. C 23H 20 1,3-Di-l-naphthylpropane 512. 
Dibenz[a,h ]anthracene 341. 1,3-Di-2-naphthylpropane 513. 
12a , 12b-Dihydrobenzofghi]perylene 408. C23H22BrINz 1,1' -Diethy]-6~bromo-2,2' -cyanine 
Pentacene 845. iodide 391. 
PentaheJicene 847. C23H22IzN2 1,1' -Diethyl-6-iodo-2,2'-cyanine iodide 
Pentaphene 848. 396. 
Picene 910. C23H23IN2 1,1' -Diethyl-2,2' -cyanine iodide 394. 

C22HI4N20 2,5-Di(l-naphthyl)-1,3,4-oxadiazole 509. C23H23IN2S2 3,3' -Diethyl-2,2' -thiadicarbocyanine 
C 22H I6 1-(2-Anthryl)-2-phenylethylene 89. iodide 405. 

1,I-Bis(1-naphthyl)ethylene 208. Cz3H 23NO 4;'[2-[ 4-(Dimethylamino )phenyl]ethyl]-
trans-l,2-Bis(1-naphthyl)ethylene 209. benzophenone 464. 
trans -1,2-Bis(2-naphthyl)ethylene 210. CZ3H23NzOzI 3,3' -Diethyl-2,2'-oxadicarbocyanine 
1,4-Diphenylnaphthaltme 542. iudide 399. 
1,S-Diphenylnaphthalene 543. C 23H 36N 60~+ Lysyhryptophanyllysine 650. 
trans -1-(1-Naphthyl)-2-(2-naphthyl)- C24D I2 Coronene-d1z 302. 
ethylene 796. C 24H 12 Coronene 301. 

CZZHI6N203 S-Methyl-6' -nitrospiro[(5,6-dihydro- C24HIZ02SZ cis-Perinaphthothibindigo 849. 
phenanthridine-6,2)-(2H)chromene] trans -Perinaphthothioindigo 850. 
741. C 24H I4 Benzo[rst]pentaphene 129. 

C 2zH I6O 3-Acctyltriptyccnc 20. Dibcuzo[b ,dejJcluysclIc 343. 
cis-2,3-Di-(2-naphthyl)oxirane 510. Dibenzo[def,p ]chrysene 345. 
trans-2,3-Di-(2-naphthyl)oxirane 511. Naphtho[1,2,3,4-dej]chrysene 783. 
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C24HI4N2 Tribenzo[a,c,h ]phenazine 1076. C25H2sCIN2 1,1' -Diethyl-2,2' -carbocyanine chloride 
C24H 16 Acenaphthylene, cis-photodimer 2. 392. 

Acenaphthylene,trans -photodimer 3. C2sH2sIN2 1,1' -Diethyl-4,4' -carbocyanine iodide 
C24HI6Cl2IrNt Dichlorobis( 1,1 O-phenanthroline)- 393. 

iridium(III) ion 375. C25H2sIN2S2 3,3' -Diethyl-2,2' -thiatricarbocyanine 
C24H16N2 9,9'-Bicarbazole 166. iodide 406. 
C24HI6N202 2,2' -( 1 ,4-Phenylene )bis[ 5-phenyloxazole] C2sH30CIN3 Crystal Violet 307. 

·885. C26H 16 Bifluorenylidene 167. 
C24H 1S P -Quaterphenyl 960. Dibenzo[g ,p ]chrysene 347. 

1,3,5-Triphenylbenzene 1094. Dibenzo[c,g )triphenylene 352. 
C24H 1SGe 9,9-Diphenyl-9H -9-germafluorene 540. Hexacene 606. 
C24HISN2 5,1O-Dihydro-5,10-diphenylphenazine Hexahelicene 608. 

419. C26HI8 1-(2-Anthryl)-2-(2-naphthyl)ethylene 88. 
C24H 1SSi 9,9-Diphenyl-9H -9-silafluorene 549. 9,10-Diphenylanthracene 529. 
C24H 20 anti -[2.2]( 1 ,4)-N aphthalenophane 777. C26H 1SO Spiro[9, 10-dihydro-9-oxoanthracene-

syn -[2.2](I,4)-Naphthalenophane 778. 10,2'-5',6'-benzindan] 999. 
C:H H20N Z [1.1 ':4'.1 ":4".1"'-Quaterphenyl]- (C26H2404)32 Poly[ oxy[2-(I-pyrenylmethyl)-

4,4'" -diamine 959. 1 ,3-propanediyl]oxy(1 ,4-dioxo-
C 24H 20O cis-2,3-Dimethyl-2,3-di-(2-naphthyl)- 1,6-hexanediyl)] 915. 

oxirane 480. C26H26N202S 2,5-Bis( 5-tert -buty 1-2-benzoxazolyl)-
trans-2,3-Dimethyl-2,3-di-(2-naphthyl)- thiophene 189. 

oxirane 481. C26H2S02S2 5,5'-Di-tert-amylthioindigo 337. 
C24H2002 (R )-4,5,6, 7-Tetrahydro- 5,5'-Dineopentylthioindigo 514. 

dinaphtho[2.1-b: 1 '.2' -d][1.6]dioxecin C'hH~,N2 N,N ,N' ,N'-Tetraethyl-
1029. [1,1 ':4', 1 "-terphenyl]-

(C24H2004)13 Poly[ oxy[2-(I-pyrenylmethyl)- 4,4" -diamine 1028. 
1, 3-propanediy1]oxy( 1 ,4-dioxo- C27H I9NO 2,5-Di( 4-biphenylyl)oxazole 357. 
1,4-butanediyl)] 913. C27H27N21 1,1' -Diethyl-2,2' -dicarbocyanine iodide 

C24H21N04 9-[3-(4-Methoxycarbony lbenzoxy)propyl]- 395. 
carbazole 666. C27H33N90SP2 Flavine mononucleotide 581. 

C24H 22 1,4-Di-l-naphthylbutane 50S. C27H34N90SPi Flavine mononucleotide, conjugate 
CZ4H22N202 N -[(Dibenzylamino )methyl]phthalimide monoacid 582. 

356. C27H39IN4S2 6,6'-Bis(dimethylamino)-3,3'-diethyl-
C24H2204 2-(I-Pyrenylmethyl)-1,3-propandiol 2,2' -thiacarbocyanine iodide 191. 

diacetate 949. C2sH 14 Benzo[a ]coronene 118. 
C24H23CINz03 N,N' -Diethylrhodamine 400. C2sHI6Nz Tetrabenzophenazine 1019. 
C24H24N20S l-~-Methacryloxyethyl)- C2sH 1S 9,9'-Bianthryl165. 

3,3-dimethyl-6' -nitro- C2sH 20 Anthracene photodimer 71. 
spiro(indoline-2,2' -[2H]benzopyran) 659. 

C24Hz402S2 5,5' -Dibutylthioindigo 364. C2sH2002 1 OH, 10' H -1 0,10' -Dihydroxybianthrylidene 

5,5' -Di-tert -buty lthioindigo 365. 436. 

CZ4H2sCIN3 Methyl Violet 689. Tetraphenyl-p -dioxin 1054. 

C24H 32O (E,E,E ,E,E ,E)-7, It-Dimethyl-
3,3,4,5-Tetraphenyl-2(3H)-furanone 1055. 

7-(2,6,6-trimethyl-l-cyclohexen-l-yl)- C2sH 22 1,1,4,4-Tetraphenyl-l ,3-butadiene 1052. 

2,4,6,8, 10, 12-tridecahexaenal 501. C2sH22N2 trans -1 ,2-Di(N -carbazolyl)cyclobutane 

C24H 37N N-ll-cis-Retinylidene-n-butylamine 366. 

976. C2sH24Cl2IrNt Dichlorobis( 4,7 -dimethyl-

N -13-cis-Retinylidene-n -butylamine 977. 1, lO-phenanthroline )iridium(III) ion 373. 

N -9-cis -Retinylidene-n -buty lamine 978. Dichlorobis(5,6-dimethyl-

N -all-trans -Retinylidene-n -butylamine 1,10-phenanthroline )iridium(III) ion 

979. 374. 

C24H 3SN+ N -11-cis -Retinylidene-n -butylamine, C2sH24N2 Pentacyclo[18.2.2.29,'2.04"s.06,'7]-

conjugate acid 980. hexacosa-4,6(17),9, 11, 15,20,22,23,25-

N -all-trans-Retinylidene-n -butylamine, nonane-l0,25-dicarbonitrile 846. 

conjugate acid 981. C2sH2404 t -3,t-4-Di-(1-naphthyl)-r-l,c -2-dimethoxy-
C2sH I6O 9-Naphthoylanthracene 790. carbonylcyclobutane 506. 
CzsH17NO 2-Bipheny lphenylbenzoxazole 177. C2sHzsN4Zn Zinc(lI) tetraethylporphyrin 1134. 
C2sH 1SO 4,4' -Diphenylbenzophenone 530. C2sH 30N4 Tetraethylporphine 1026. 
C2sH20 4,4' -Methylenebis(l, l' -biphenyl) 723. C28H3004S2 6,6' -Dihexyloxythioindigo 407. 
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C2sH 440 
C29H l6 
C29H 200 

C30H l8 

C30H\ SF9La06 

C30H24N60S2+ 
C30H24N6Ru2+ 
C 30II400 

C30H44 

C31H24 
C31H34N404 
C311142CIN3 
C31H4202 

C32HI6AICINg 
C 32H 16ClInNg 

C32HI6CUNg 
C32HI6MgNg 
C32Hl6NgZll 
C32H 1SNg 

C32H22 
C32H24 

Rhodamine B 983. 
Rhodamine 6G 984. 
Rhodamine 6G cation, conjugate 
monoacid 985. 
Ergosterol 564. 
Pyranthrene 937. 
3-Benzyl-3-phenylphenanthro-
[9, 10-b ]furan-2(3H)-one 162. 
3-Benzyl-3,4,5-triphenyl-2(3H)-furanone 
163. 
10, 11-Dihydro-5, 7: 14, 16-dietheno-
8H, 13H -diindeno[2, I-h : I' ,2' i]
[1,4]dioxacyc1otridecin 414. 
meso (oL)-2,4-Di(N -carbazolyl)pentane 
367. 
rae (OO,LL)-2,4-Di(N -carbazolyl)pentane 
368. 
1-Ethyl-2-[5-( I-ethyl-l ,3-dihydro-
3,3-dimethyl-2H -indol-2-ylidene)-
3-fluoro-I,3-pentadienyl]-
3,3-dimethyl-3H -indolium 572. 
I-Ethyl-2-[5-( I-ethyl-I ,3-dihydro-
3,3-dimethyl-2H -indol-2-ylidene)-
1,3-pentadienyl]-3,3-dimethyl-
3H -indolium 573. 
9,10-Bis(phenylethynyl)anthracene 211. 
Tris( 4,4,4-trifluoro-l-phenyl-
1,3-butanedionato )lanthanum(III) 1107. 
Tris( 4,4,4-trifluoro-I-phenyl-
1,3-butanedionato )lutetium(III) 1108. 
Tris(2,2'-bipyridine)iridium(III) ion 
1103. 
Tris(2,2'-bipyridine)osmium(lI) ion 1104. 
Tris(2,2'-bipyridine)ruthenium(II) ion 1105. 
fJ-apo -8'-Carotenal 252. 
(all-E)-3,8-Dimethyl-
1,10-bis(2,6,6-trimethyl
l-cyc1ohexen-l-yl)-
1,3,5,7,9-decapentaene 477. 
1,3-Di(9-phenanthryl)propane 526. 
Bonellin 213. 
Ethyl Violet 568. 
/3-apo-8'-Carotenoic acid, methyl ester 
256. 
Chloroaluminum phthalocyanine 261. 
Chloroindium(III) phthalocyanine 276. 
Copper(lI) phthalocyanine 297. 
Magnesium(II) phthalocyanine 653. 
Zim;(II) phthalo\,;yanille 1130. 

Phthalocyanine 907. 
Anthracene-tetracene photodimer 72. 
r2.21(1,4)(9.IO)-Anthracenophane 73. 
anti -[2.2]( 1,4)-Anthracenophane 74. 
syn -[2.2](l,4)-Anthracenophane 75. 
4-( 4-p -Terphenylylmethyl)benzophenone 
1016. 
(E)-10-(1,3-Dimethyl-iO-oxo-
9-anthracenylidene )-
2.4-dimethyl-9-anthracenone 1046. 
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C32H29N04S3 (Z)-N,N -Dibutyl-2,3-dihydro-3-oxo-
2-(3-oxonaphtho[ 1 ,2-b ]
thien-2(3H)-ylidene)naphtho[1,8-be ]
thiopyran ·6-sulfonamide 362. 
(E)-N,N -Dibutyl-2,3-dihydro-3-oxo. 
2-(3-oxonaphtho[ 1 ,2-h ]
thien-2(3H)-ylidene)naphtho[I,8-bc ]-

C32H34N404 
C32H 36N 2 

thiopyran.6-sulfonamide 363. 
2,2' -(1,4-Phenylene )bis[ 5-( 4-butoxyphenyl) 
oxazole] 884. 
Deuteroporphyrin, dimethyl ester 333. 
N,N ,N' ,N'-Tetraethyl-
[1,1 ':4',1":4",1'" -quaterphenyIJ-
4,4'''-diamine 1027. 

C32H36N4Pd Palladium(II) etioporphyrin I 838. 
C32H36N4Zn Zinc(II) etioporphyrin I 1126. 
C32H40N4 Etiochlorin II 579. 
C 33H20BrN gORh Bromo(methanol)(phthalocyaninato)

rhodium(III) 222. 
C33H 2oCIN sORh Chloro(methanol)(phthalocyaninato)-

rhodil.lm(III) 277. 
C 33H2oIN gORh Iodo(methanol)(phthalocyaninato)

C33H34N406 
C33H36N406 
C34H2403 

C34H32N404Zn 
C34H34N404 
C34H36MgN404 
C34H 36N 40 3 
C34H3SN404 
C34H3SN406 
C3sH3SN406 
C 3sH SO 

C36H20CdN4 
C36H20N4Pd 
C36H20N4Zn 
C36H22N4 
C36H24 
C36H24N6RhH 

rhodium(III) 635. 
lO,11,13,14,16,17-Hexahydro-
5,7 :20, 22-dietheno· 
8H, 19H -diindeno[2, I-n : I' ,2' -0 ]

[1,4,7,10]tetraoxacyclononadecin 609. 
Biliverdin 169. 
Bilirubin 168. 
1,4-Diphenyl-2,3-dibenzoyl-l,4-epoxy
I,4-dibydronaphthalene 538. 
Zinc(I1) protoporphyrin 1132. 
Protoporphyrin IX 930. 
Magnesium(II) mesoporphyrin 651. 
Methyl pyropheophorbide a 747. 
Mesoporphyrin 657. 
Hematoporphyrin IX 604. 
Biliverdin, dimethyl ester 170. 
(all-E)-3,7, 12-Trimethyl-
1,14-bis(2,6,6-trimethyl-
l-cyc1ohexen-l-yl)-
1,3,5,7,9,11,13-tetradecahcptacnc 1086. 
Cadmium(II) tetrabenzoporphyrin 240. 
Palladium(lI) tetrabenzoporphyrin 839. 
Zinc(U) tetrabenzoporphyrin 1133. 
Tetrabenzoporphine 1020. 
[2.2](2,7)-Pyrenophane948. 
Tris( l, 10-phenanthroline )rhodium(III) 
ion 1106. 

C36H 260 rac-Bis[l-(l-pyrenyl)ethyIJether 212. 
C36H2SN g02RuS2Bis (dimethylsulfoxide) phthalo-

cyaninatoruthenium(II) 205. 
C36H36MgN40S Methylchlorophyllide a 712. 
C36H36N406 Photoprotoporphyrin isomer "A", di

methyl ester 903. 
Pbotoprotoporphyrin isomer "B", 

C36H3SN404 
C';6H3RN 40 g 

dimethyl ester 904. 
Protoporphyrin IX, dimethyl ester 931. 

Coproporphyrin III 298. 



C36H42N404 
C36H44CbN4Sn 

C39Hss04 
C 40H 26 

C40H26NS 

C4QHS20 2 

C4QHS20 4 
C4QHS40 
C4QHS6 

C41Hs802 
C4IH 600 
C42H 26N IORu 
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Protoporphyrin IX, dimethyl ester, 
conjugate monoacid 933. 
Protoporphyrin IX, dimethyl ester, 
conjugate diacid. 932. 
Mesoporphyrin, dimethyl ester 658. 
Octaethylporphinatotin(IV) 
dichloride 828. 
Magnesium(II) octaethylporphyrin 
652. 
Octaethylporphinatopalladium(II) 
827. 
2-([1,1 ':4', 1" -Terphenyl]-4-ylmethyl)
triphenylene 1017. 
Bis( dimethylformamide)
phthalocyaninatoruthenium(II) 204. 
9,10,11,12,13,14-Hexahydro-
5,7~15, 17-ietheno-2.20-heptano-
H -cyclotetradeca[ 1 ,2-a : 1, 14-a ']
diindene 610. 
Ubiquinone 30 1114. 
1,3,6,8-Tetraphenylpyrene 1059. 
Tetrakis(2-pyridyl)porphine 1036. 
Tetrakis(3-pyridyl)porphine 1037. 
Tetrakis( 4-pyridyl)porphine 1038. 
Tetrakis(2-pyridyl)porphine, conju
gate diacid 1039. 
Tetrakis(3-pyridyl)porphine, conju
gate diacid ·1040. 

. Tetrakis( 4-pyridyl)porphine, conju
gate diacid 1041. 
Coproporphyrin III, tetramethyl 
ester 299. 
Coproporphyrin I, tetramethyl ester 
300. 
Astacin 91. 
all-trans-3',4' -Didehydro
fJ,l/J-16' -carotenal 387. 
Canthaxanthin 244. 
Astaxanthin 92. 
Echinenone 555. 
15, 15'-cis-fJ-Carotene 253. 
,B-Carotene 254. 
all-trans-Lycopene 649. 
Dihydroxylycopene 438. 
all-trans-Lutein 648. 
Zeaxanthin 1123. 
all-trans-Neurosporene 808. 
,-Carotene 255. ' 
7,7'-Dihydro-l3-carotene 412. 
15-cis-Phytoene 908. 
all-trans-Phytoene 909. 
8,9,10,11,12,13,14,15-0ctahydro-
5,7: 16, 18-dietheno-
2,21-octanocyclopentadeca
[1,2-a:1,15-a']diindene 829. 
all-trans -Spheroidenone 997. 
all-trans -Spheroidene 996. 
Phthalocyaninatobis(pyridine)
ruthenium(II) 906. 

Rubrene 989. 
5" -[1,1' -Biphenyl]-4-yl-
1,1':4',1 ":3", 1'11:4"', 1""
quinquephenyl 183. 

C42H600 2 all-trans -Spirilloxanthin 998. 
C44H24N40I2PdS~- Tetrakis(p -sulfonatophenyl)

porphinatopalladate(II) ion 842. 
C44H24N40I2RhS~- Tetrakis(p -sulfonatophenyl)

porphinatorhodate(III) ion 1042. 
C44H24N 4012S4Zn4- Tetrakis(p -sulfonatophenyl)

porphinatozincate(II) ion 1140. 
C44H26N40I2S~- Tetrakis(p -sulfonatophenyl)porphine 

1043. 
C44H2SCdN4 
C44H2sCIN 4Rh 

C U H2SHgN4 

C44H2SMgN4 

C44H28N~
C 44H 2SN 40Ti 

C44H30N4Zn 
C44H 32N4 

C44H36N SPdH 

Tetrapheny Iporphinatocadmium(II) 241. 
Tetraphenylporphinatorhodium(III) 
chloride 1056. 
Tetraphenylporphinatomercury(II) 656. 
Tetraphenylporphinato
mangnesium(II) 654. 
Tetraphenylporphyrin dianion 1058. 
Oxutitallium(IV) tctraphcllyl
porphyrin 837. 
Tetraphenylporphinatopalladium(II) 
843. 
Tetraphenylporphinatozinc(II) 1143. 
meso-Tetraphenylporphine 1057. 
Zinc(II) tetraphenylchlorin 1142. 
Tetraphenylchlorin 1053. 
Palladium(II) tetrakis-
(4-N -methylpyridyl)porphyrin 841. 
Tetrakis(2-N -methylpyridyl)
porphinatozinc(II) ion 1137. 
Tetrakis(3-N -methylpyridyl)
porphinatozinc(II) ion 1138. 
Tetrakis(4-N -methylpyridyl)-
porphinatozinc(II) ion 1139. 
Tetrakis(2-N -methylpyridyl)
porphine 1033. 
Tetrakis(3-N -methylpyridyl)
porphinel034. 
Tetrakis( 4-N -methylpyridyl)
porphine 1035. 

C4sH24N40SPd4- Palladium(II) tetrakis
(carboxyphenyl) porphyrin 840. 
Tetrakis(carboxyphenyl)porphinato
zincate(II) ion 1135. 
1,4-Dihydro-5,6, 11, 12-tetraphenyl-
1,4-epidioxytetracene 433. 
5, 12-Dihydro-5,6, 11, 12-tetraphenyl-
5,12-epidioxytetracene 434. 
5-(1,4-Epidioxyphenyl)-
6,11,12-triphenyltetracene 563. 

C4sHs4N4016 Uroporphyrin I, octamethyl ester 1118. 
CSOH68 Decapreno-,B-carotene 331. 
CS2H4QN4012S4Zn4- Tetrakis(2,6-dimethyl-

4-sulfonatophenyl)porphinato
zincate(II) ion 1136. 

CS2H42N4012S~- Tetrakis(2,6-dimethyl-
4-sulfonatophenyl)porphine 1032. 
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C~,.)H54N4012 

C5sH70MgN406 
CSSH72MgN40S 
CssHnN40SZn 
C5sHnN406 
C5sH74N40S 
C""H"nNRZn4

+ 

Malachite Green 655, 
Chlorophyll b 285. 
Chlorophyll a 284. 
Zinc(II) chlorophyll a 1124. 
Pheophytin b 902. 
Pheophytin a 901. 
Tetrakis-4-(N.N.N -trimethylammonio)
phenylporphinezinc(II) ion 1141. 
T etrakis( trimethylaminopheny l)porphine 
1044. 
(all-E)-3,7, 11, 15,20,24,28,32-0ctamethyl-
1,34-bis(2,6,6-trimethyl-I-cyc1ohexen-I-yl)-
1,3,5,7,9,11, l3, 15,17,19,21,23,25,27,29,31,33-
tritriacontaheptadecaene 830. 
4-({3-apo -7' -Carotenyl)benzyl pyro
pheophorbide 257. 
4-[Tri( 4-methylpheny l)porphinylJ-
3-phenoxypropyl f3-apo -6' -carotenate 
1090. 
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